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The results Of efforts to increaseythe bandwidth of a single magnetic 

recording channel to include 20 to £xl©° cps are reported* This program 
consisted of experimental werk aimed directly at the problem and both 
experimental and theoretical studies aimed at furthering basic kno,w£edgfe of magnetic recordingc 

The ultimate goal was not rea**««* *'ttiÄ•*. ~ *•   -- - - - " 
Of magnetic recording was sisnificantW Z-    T*  T1*^ ***Äqy 1: 
*ere more clearly delinel. §     ~ ^ -**"*• .** ths «Mpa.A 
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Present efforts have, resulted in marginal record and playback_of l»li roe 
using a Ferröxeuhe III'--head and plastic tape moving at 19000 inches per 
second«, The present bar to a substantial increase in the maximum frequency 
is the mechanical problem of maintaining good contact between head ssld tape 
at high tape speeds« In view of these limitations emphasis was shifted to 

„.other recording methods ini Juiy 1?5Q-     , .     - --. — "^„-„; -z~-=^~ -~.~-:'i~-'- 
•—"-"• ."-. RESTRICTED 
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Ä«.   Purpose --      - - 
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1» ^ References 
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;r.". 6* Detail Factual Dat»- 

!•   rreserä ötäxe of Magnetic Recording 

; " a« General 

bo .. Frevious-Work Accomplished at Armour Research 
Foundation   -.-.- — ^ ; 

x?- Work Accomplished During This Contract 

a« Extension of Fundamental Magnetic Knowledge 

b«> Extension of the Frequency Limits of Magnetic 
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, _ B..-" Contributing Personnel 
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Figure 1„. Hysteresis Loops for Magnetic Models 

Figure--?». Circuit, for 66 Cycle Measurements on 
Ferroxcube III C©r§ _- - 

Figure 3», Normal Induction and Permeability Curves 
for Ferroxcube III 

Figure li. Cathode-Ray Oscillograph Hysteresis Traces  "- . 
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Figure $• Frequency Response with 10 rail Playback Head, 

Figure 6. Frequency Response with 20 .^11.Playback Head : 

Figure ?ä Frequency Response with 36 mil Recording Head 

Figure~8. 'Frequersey Response with ""'2-tail Recording Head/ 

Figure %    Plot of Field Near Recording Head Gap 

Figure 10* Single Edge-jfead^ _-_. ._ _•-.." _.:.__ _i y__ • _ ^ 

Figure 11. Frequency Response with singler Edge-"Se'co-rd Head 

-F-is^«~l-2V"3tetch of Zero.^Gap^Heäds . -.--'. .__.   ----.-"_.--_ 

Figure „13, Wide Gap and Zero öa« Heads ^ :— 

Figure lit«, Frequency Response, Zero Gap HeadB +10 mil ' 

Figure 1$-..  Frequency Response, Zero Gap Head, -10 mil 

Figure 16. Frequency Response, Zero Gap Head, +2 mii" 

Figure 17, Frequency Response. Zero Gap Head, -2 mil 
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%jy\ - Figure 18* Frequency Response^ rZero Gap.Head, 
fß . '    fe*y Small Negligible Gap  -''    V-* 
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' " • -     FigüTe 1%  High Speed Srive _,„..."_'./.'•'" .."  -..'."* ' ~~.".       ~~ ". "-"-'. •• 

,  -j.;..;j':.-•:.-;...'^:~. Figure. ^O^^amagedJEop^:»^-^.-^^-rr^,-~v%--^-.----'^KV/-\L\_>^=^~=---_-i=/^^ .-'_ 

Figure 21. Deposits Qh-Head---      --------'-.-.-"-_' -- -*»--_--:=-=-•-_—  ^-_-^=^k--= 

Figure 22ö Ferröxcube III Head - '"-./."/  7-   \ 

Figure 23. Frequency Characteristics of Roads -• 

Figure^, inductance and Q Of Ferroxqube III Head    7 •- - - 

Figure 2§o Playback Gap Effects of." Heads :jj:5 

: Figure 26. Frequency test Circuit , - 

Figure 27. Record-Playback System Circuit 

ti        -"      --    Figure 28. Frequency Response at High-Speeds: 
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It is desired that the art of recording he advanced far tosgnrnd 

its present state, so äs to ultimately permit the construction of 

equipment having the" characteristics described in Exhibit MGREE-56£> 

A basic aim is the continuous recording, of signals having component 

freipeneles-öf-Äf-tp -$~%-1\J-  cps. inis work has eeen done for the 

Air Force under Contract AF 33  (P3 8) ^6921. - 

xne xirsü metnoa--w oe ir^res"MLgatecL and the one to which this 

rVuj.ume UJ. -uie-^i«ai rteporT> is-devoT^a^ms magnetic recording. The " 

problem was to investigate,'both experimentally and theoretically, means 

I";   ' by"whichthe bandwidth of magnetic recording'could be expanded. An L 

•TV 
investigation of fundamental magnetic processes was carried forward at 

the same time-since these processes are fundamental to magnetic recording* 

Bo General Factual Bat-a ;.   -     -7- -'-.'_ A ~ 

?* References-- "     -, -' '  "•- -."-     " -  : "" ~- ~~ 

_ A; j^K.«^^ magnetic recording is given in Appendix A. 

In a^djitionjy^ ,       ./-.-'... 

"^Magnetic ReeordisiglT^es'5^'M0 Cam?as? A,I9E.E>." Ifcahji*«~ |>§p V 

«Graphical Analysis of Linear Magnetic Recording Using 

High Frequency Excitation'*, M« Gamras, i^roc. I.R.E." 37 £69" 29h$* 

Li, 

'«Magnetic Recording with AC Bias", R. E«, Zenner   Proc. I.R*E. 

/*! 3£ February 1951* 
5 
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is H. Ekstein and T. L. Gilbert •* Report on ARF Project No« 
. "      90-6U8A, Contract NI7I s^BBl^» 
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Zm Formulas 

Below are listed formulas specifically used in this-reperij 

the reader, is referred" t© the jietai led interim reports Nöö« 90-783Ä-1 

through U* 

y> Kx * JKr and ji *ß x + j^fr (1) 
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Kx V: 
X 

* ' \r =
**— - .»a -±s- - 7-r- Fx*^r« (2) 
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$F «a a 

mhos fr'» UM- 

=       Un <a M^ a   /. *  Jyt»'   > X 1G~°     öh&S 'X 

•?•. f [Hit)],'. fet ^ 

nu(T.) -" f f H(t)1 « l/h j    H=(t) £(t-tjd% 

-   ;(h) 

is) 

—^—^ - 1.: 

~—- ---: 
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m2(T) - u^CT) i 1 - F [ h +" m.(f) H(T) i 

Hs 

MM _*i_ _1^. «i_öuJa. MiLd*L,,, ^ 

(T) 

m 
Hs 

-vU 

M< [^(T)•"-     /     mg (h,T) n(h) dh (9) 
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v1 =» y* JII ipi^ 

v2 *7? n f $   N2, w 

(11) 

(12) V: 

% - Ja 
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i* Symbols 

.._.- M      ^ 

v   - 
r  - 

- .- , 5.  - 
a       - 

permeability öf the core material"' cgs units» 

reluctivity of the core material^ cgs units. 

Lex permeaöiiity 

•coii 

-——--—-.- 

»   *'- 

v„ 

1* 

cross-section of a ring of core material,  cm" 

mean length of ring core,  cm 

complex current^ rms cgs units. 

complex average" flux _density9 rms cgs units..' 

complex current, ms'egs uhita. 

magnituae of reälpart of p 

magnitude of imaginary part of V 

magriituae öf real part of M 
«DM 

magnitude of imaginary part of f* 

admittance of coil terminals, mhos, 

impedance at Coil terminalst  ohms. 

magnetization in material at time T„ cgs units. 

H(t) -magnetizing field, cgs units* 
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Hs ~   field required to saturate material, 

T "        -   time,   seconds7. — ---—_-__--- l   ; 

t - time variable measured fr»m t . 

c       .-        ,. ... V    --~ 3-^st time H exceeded H^» seconds» - 

fJH<t)j   - functional of H(t) 

n integers l,r 2, 3;  ^ - - *. „  , . ... 

hs - to -.- critical values of H at which particles "flip»'c 

^(T)    - functional for first model. .'^ -C-.,. jf:Jr„ 

M **•*«)' 7:Dirac -delta function» -,-=!..-     -.-"..    -..--.--—---   --_-—:   "1 

m -• magnetization of single particle,  cgs units. 

'        --~-        m2(T)    "* factional for second model« r\ 

F(x)    -   an unspecified Junction representing the_cur.ve alöP^-   = 
r-v - which m approaches the asymptote % I. 'rT..:- -'" ~ 

; Mj*T).   -   magnetization functional forrthi£dmodel. 

a (b)   — relative, wlume of particles which have critical 
fields lying between h and h > dh 

i" i 

"t* -   ' Mjj(T) — functional for fourth model« 

Hm .~-peak magnetizing "f ield;~o^stedi» "' ~ 

f •**   fresuencv^cnÄ. 

L -.   Inductance,, henries: 

In -   peak current in sample primary,, amperes, 

N^ -   number of primary turns.. 

,%, ~_ ^ßä^ ^ij^uction in sample,  gausses 

fa «   peak flux ±n samole *m 
Vl' *2~ Voltages measured as shown in Fig. 2 

G ~ gap length of head 

mOUS     »'»*«*«     *OU.NPAT,ON     OP     !LUNO,IS     .H.T.T^tB     O F     f EC H.N o.,OS V 

rjir •wijuiiiigjf&iau*. •,-*;. .n*:"»^ »>;-yr.'^&Ky5*?y,*j%hi,t'-. «&"!• 
[•_..-.. \ _   .     . ,.        _ .    — „ ..rV^-*,g°''*^A^,^^£Ja^Jfe,J^S5as^—•iH^*~~„„^  •_±sr±. 1^ 
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s\     - recorded wave length in same units äs gap length 

K     - empirical constant. , 

";€>   Detail Factual J3atä      ...-.- ,   . :      .   ...  -     -   .... ..-,..— 

1#   Present State of Magnetic Recording 

av Ueneral 

fa- 
ff 

! 

^> 

Magnetic recording as a method of importance is a 

relative newcomer to the recording field. It has seen the greatest 

development and use in,the audio range:;Xinsludihg most ihstrüiaentation- 

applications), but there have been.jsGme special applications, such as 

computer rneaory devices and delay units,, which have exceeded the audio 

jrange in upper grejguency requirements^ if not in pulse repetition-rate* , 

In general, the audio applications have the common characteristic that 

±he head and record medium are in "physical contact» On the other hand 

in special applications both heads in contact and spaced heads have been: 

-W 

used«. The attests to make use of spaced heads have been in connection 

with magnetic "storage Systems" ^lich have short access times. ~   V T "" 

IJ 

•-;_ — -      Magnetic media fall into thiee categories! mägnettc 

powders., magnetic platings, and solid magnetic materials« The powders 

and platings must be supported by some rigid or non-rigid material which 

is usually non-magnetic^ while the solid magnetic materials are self^ 

supporting«, The magnetic poMexs. are ^considered- to-have the-highest- - 

resolution (best short wavelength response) but hav«§ a lower ener^r 

storage.  5he powders are„usually coated on paper or plastic tape using 

a non-magnetic binder« 
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The heads used for «*, presäat ^ „^^ ^ 

the "open type», So fiaaed because the head structure does not surxound 

-   tte „diu.,   ^ost an »^a, r?eordtag „ „WngitudUBl1,   ^ 

— of the «i».-rn SlongiÄtaü„-recordiEg- —;—d — 

to the head^aveis fM one gap edge to the other * a Section «eh 

« Parana for ehti-psrallelf to the Section of »«on of tfce «i».'. 

Jhre is to he contrasted *th trdnsverse receding in «ich. ^M ^^ 

. :°f *- ^^e. 6n 5£**_-M« of the «diu» anctha recording f«, .'. - 

passes through the »edi« essential perpendicular to the tocWon of ." 

»«.on of the «i».   ae head structure is usuai* a singXe. lunation" 
bent into a ,6G".with +.b^^i^.. ^_,   .   ..   ' 

..„ ^5o0 ^Gi-aang tue gap. or-a lfl^».««. ^^_J__^. 
^ S^ — • ~-.w*a    \VF    B&SCK 

°f 1^^-), ^«ane of ÄÄ1S ww— te ^ ^ of ^ 

«p.    These he.de are satisfactory use at audio gneiss « at 

.   T?®^ömgjhawe^beeE^faüiiv--«-r^rt^*' -     .-•.-..-_...  ...-. ..._„^_  
 : -      — ~       ^ •^—^ *rem itow quality Ä« ^Ä      """ 

cpfflpWeated systems with exce3:i« ^s^ :^a—•- -v^~-~=-^--~--^^ 
-      'm* **"-* c&arac^Lstics,    irhSr.s has hot 

been much i/vork on hi&h qn»o^ ,*„.!   -      •    • 
hxgh speed. dr*veS except for rotating drums using 

.spaced „.ads and perhaps ltotetta ^ial ^^.^ 7 

^y^portant to the field of magnetic recordings 
been investigations of the more general ««* 

.. -   - ~_ ~— ^L__i^^.Z^.i?B?^L,^^^fj3ndamenta2.r *«»«,,£.. ^*.___^ —   —r*rvo -«i -     -»** _ThB0ries „ .„ ^^ ^^ of_^ ^ 
=t,U not fira* sstahlished, although * n»oer of OTp«caUy deÄTCd 

f" ** ** to «*« "~*••   — n*» do not pe^it        -'•. 

*.«„ T!^.""" lKt° <*" "<*- «th a«, .certain    - . -   - 
•  ------pUH„TI01( „ ,LUTOI, ,NST,T.„r;t 0,--;^ML4SI ^^ 
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b. Previous Work Accomplished at A&nour Research Foundation 

(1) High Frequency Magnetic Testers 

'^ Design considerations and some construction for | 

.-— .Ka 

«n inve&ligÄujuon öf core material properties at high frequencies started. 

: pEiör to-this project. In this Work, which was Foundation sponsored, 

it was planned to investigate properties In the range öf 2S to 80 KG 

(normal bias and erase frequencies for magnetic recording)» Provision 

was to be made for testing materials at high inductions approaching 

I 

ff saturation "and to make measurements using sinusoidal flux waves,- from 

IS T^iich it would be possible ta jtte££tfüLä^xiOT 

jp permeability and loss per unit volume to the frequency axid induction* 
r       ( _ - ' 

(2)    60 Cycle Hysteresis iksop Tracer   . 
t' 

^ (| )                                                                     A hysteresis loop tracer, designed and built by 

*j D* E» Wiegand and Wo W. Hansen (A.I.E.E., Trans*„ 66   19l*7>   has been 

• H uöe(* £®r determining the magnetic properties of small samples such as 

•^1 "^"v^"                     magnetic recording wires and tapes.    Th<s instrument operates at. the power, 

J.J -   _ _               _ %®5^ency^^Öicpsl:|_anä. therefore-  doag^oi.,g^vB^i2^oräätion-^ich-'can--- 
v» B .                                            -  .-•'--- 

J 
paper describing this instrument, may be found in Appendix C of Bfeport Ho* 

I ----- ~ - --.- 90-783-.3 of this project.   As a result of work with this instrument the 

R Foundation was able to develop a number of correlations between Bp«H 

curves, and performance factors (ease of -erase"' transfer~ proper bias 

level,  linearity, and frequency response), and to- develop improved 

magnetic recording mediums (magnetic powders, 18-8 alloy for wires" 

plated nickel-cobalt)« v ' 

A !3 A* Ci \ | A«»<Hf,      r<6SEARC:H      «UrtATIO«      OP     , L U N O « S      !NST,TUTE     q*     TECHN^Q^ 
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N  ;%~' 0) Theoretical Works 

TheQretiqaL analysies of demagnetization effects 

in magnetic recording have been made for -wire by Camras (A«I.aEBE0 Trans« 9 

i;> 

i.G. 

66, 597, 19U7) and for tapes by .Ekstein and Gilbert (fro$@ct-HO. 9G-34ttA^ _„ 

Contract NI7I s-85lpi0o These analyses involve idealisations; -which are 

not valid at very -short -wavelengths and therefore are not reliable for 

^^rt„J^¥elgngfeha,^edict.lß.n.?  _._.._ .-- _= =,-—•—^,^J=_-—^—^——^-,—.:-. 

Harmonic analyses carried put" by Camras. (ProcB j-oRVE.., 

V7 4AQ- -tQj.ov --A  ?-««-•-- (v^r,^  t,»,^ |g? jfo.- 2^ 1951) have been    - : 
E^ „f  |;p     je-rrs*     ^•S*-*S/    ü***v*    MVAHIWA      \j.xvw9     j.o&teJ-JQ 
r' 
f« 

specifically directed towards explaining the effect of bias used in 

magnetic reocrdinge The latter paper is more general and9 hence" is more 

adaptable to further development«.      " - ~-- 

C.' 
Tii®~theory of playback phenomena is, in contrast 

to record phenomena, more completely known; the differential equation 

and boundary conditions which relate the distribution of magnetisation 

in the record and the flux distribution in the pick-up coil are known«. 

This differential equation has been solved for a specialized set of 

boundary conditions« The solution,- appears as a single integral relating^ 

the output voltage to the magnetization in the-_reccrd. This solution 

•was obtained by Ekstein and Gilbert in th© work, mentioned previously*.. -. 

The solution is capable of application or extension to somewhat mpr-e 

general situations than those for which it was derived. Mr., Gsjuräs has 

f 

performed a siailar analysis for closed type wire heads (Proc«, I.R.E. 37, 

O  I  
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&)   Jbcperliaentaa. Fork with Nickel^Csbalt Plating 

Nickel-cobalt plating ©n wre9 tape andrigid 

backings has been investigated as a magnetic recording mediumin the 

audio range and for special instrumentation applications at somewhat 

"higher frequencies*    ÄF'thl föÄ^tiph som&'work was doneiimder"contract*~'r 

(M0bsr-4*22Sl) using a nickel-cobalt alley electro-plated an the edge of 

a brass disk six inches in diameter driverTat speeds as great as 75GO rpm. 

Using ring type low impedance heads and 15 milliwatts of recording power, 

detectable signals as high as 2QQICisra.recoMed ftpdJDla*ed--ba«k^--&i- 

a later test,  an audio signal was recorded with the disk rotating at a 

7low speed and played back at very high speeds«      The signal was detectable 

at speeds which gave playback frequencies up-1® 800 kc. 

—-    "•***••?>• _ftyv««y**t«icu -x/uz^juig tna-s uonxrac'D 

a"    Bxtension of Fuiidamental Magnetic Knowledge 

(1)    Theoretical Analysis 

_• -tö    Homril er F?ratiMteESafor Magnetic, Materials- 

Various methods of expressing the a-c properties 

Of core Materials haveft een.iTsed^.  The,^st,gpmmön system has been ,the-use- 

of «effective a~c permeability» and "watts per "pound*1 units*    In this 

project a system pf parameters of a more basic natu 

to use in apparatus design were derived. 

*vi* w   «Till  mOi c   COliViäjiXeiili 

" ~ _.     ' - The.permeability QU): and reluctivity (V ) of 
 > =,._—-i^J-.Gore.^.maitp.iy.-a3.fi».J «wää*««««!*».*~—w.-^ „.^..T.—.—^-,^_.^_—*.-=-_•-—^.^^.J———^«—,—-—._...-. 

-  -' -      "—'-» — "*""-** iCelJ- quanoxTiies, are made complex quantities. 

By this means, equations for magnetic circuits can be written in complex 

form, and the phase angle actually existing between fluxSt voltages and 

£\ currents will be properly indicated by the equations. 
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tte complex quantities £   »d j7 are .defined...._. 

by considering airing of magnetic material having a uniform cross section, 

a. mean length, I .   This is linked by.a toroidal winding of s turns " "'" 

having meglitible resistance, excited by «termting current of A cycles 

per second,   The core parameters ar« required to satisfy WISSÄ^ 

conditions,    If the core material is .   a   loss-less material such as free 

space, the current, I, and flux. la, are in phase, and both lag the' 

terminal voltage,•% by n degyses„    ^ this condition'/f and  Paust 

degenerate to raal values,   ir o^ses ar^preeent inm corc^the..current„ 

lags the voltage by an angle less than 90 dserPe«=    b,,* ~~ .     + ?w a^greeSj,  &u* an exact quadrature 

relation exists between the flux and \oltage,  as before. 

The parameters have the following complex form 

•where. 

"-  Vx + 3ytandfi   -/^x+^ 

y& VT,f*x 
and/?i are real numbers 

(1) 

Using the fundamental re^n*«^ *^aM_s ,K.. ,. 
*^-F--*«—a. a.©juav3;un between  ßand I7 

.---o  -V".«OJVU equations> 

the 

1^        JB -B   X      ~ 1/ 

.£*».&_«_ 

The admittan rt* at the coil terminals is give* bv 

ii it»?-« a   '1Q       fflh9? 

v^v 

o 

The impedance can be expressed in terms of * as 
h it w N* a /*     s 

~~ J "   ' ""'   VV * 3/x) 10"-9 ohms. (ii) 
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The components oJ=y4 and  P can be determined 

.._ by measuring the complex admittance or impeäartce of the eoü.   ibrw 

bridge, used to measure the coil impedance,  is subject to special-require- 

. juents due to the   high flux densities and sto^tdal eoccit^g. mltage 

- required.    The impedanceöf the bridge arm inserted between- the generator 

and the sample must be io* compared to the sample; and the bridge components 

...  .,,-   • •    must withstand relatives-high, yoltages^and currents.    A number oTbridge   " 

configuratiolls.are possible and each has its oW. pecularities and short-^ 

co^lgsre^erimentar evidence would be necessary to determine the~besfc^'"', 

configuration in this: appiication9 ' ..:.   ~J 

(W   Ma^£nBetween the Magnetizat^i^^ 

Fgrromagnet and the- &VP^±Jhj^ 

An ^te*Pt-haB been made to determine a general 

,- relation betten the magnetisation of a ferromagnet and the applied^ field 

*or a uniform field of arbitrary time depeMenOe,  since this relation is 

^ :      .:      fundamental: to magnetic fording.r. ^ relation between the- m.gneti.ation 

.... ._- „ _.^.JL*l*^JLi^ SegeM upon^ll^of thh^Ä,,„ö„ „„._.___ .,_ ..._.. .       ". .   t.   /     ^ _._ ~_ .-...,^_.__ —^ „^ »luwit n nas-assumea in the     """" 
:,-     ^   . &imeinterval o \«£t-^^ ---**.--- *,   - .^_ -. -.._-- -  _.—__,.—iÄ_— 

~         ^    ^"w ^aSv ,ü^e 4 exceeded the satura- 
tion field H i    «mi-i e ?a -»•«- .? „ 

••V    Baa ,acv xs expressed mathematically by saying that 

M is a functional of -ti-/*\ - — 
- * 5 - •© 

.-•   »   , '. ... W/"<pV *» -f>'    in./j.VI     •     - i.     .-, «'.--.      ,-.... - -        -.-_,'       .- _  -__. . , —   ,  

•KM. to-. „ore specif*c^ uSÄaj f?Iw.   äe desfceo tocttonal «1 

- «*«* be mB^sst.    to obtato „ ^^ .^ ^ ^^ ^ ^ 

.L 
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dispersions of single domain ferromagnetic particles ±a a nonmagnetic matrix, 

were considered» The. dispensed particles were assumed to have two stable 

orientations of magnetization which are äsvti^parallel to each other Lilien VQ f$f 

field is present» The models chosen -were as follows? 

1 Single pagticle^j--,„oriented- parallel i© field»-    .      .,..._ 

2 Single particle - arbitrarily oriented. : 

3 Dilute dispersion (nOninteracting particles) with axes of stability 
of- the individual particles- parallel tcr i&e^fieidr^"  

k   Dilute dispersion - arbitrarily oriented particles« 

§r  Dispersion with int-erac ting-particles, ~ 

The^ behavior ^f the firsts model ^generate a. ^-square 

hysteresis loop as follows? Before the field is applied, the magnetic 

momentrsf the particle will be in one Of tm  stable positions. Ähfen a field 

is applied anti-parallel to the moment, no change will occur until the field 

exceeds some critical magnitude,, h9 at which the ariti^parallel position 

Ceases to be a stable one," At this.tune the moment of the particle will 

rotate rapidly to the parallel position and no further change, wall «occur 

sdth increased field__ JJMhgMfleid is_nöTO^i£ie4__$to_^^^ 

moment will remain unchanged until, the field JhasL.exc&edBoLjhe-valneI_5=^h^- 

at which time it «»ill again rotate rapidly to be parallel with the field, 

thus returning to the starting position. A functional which will describe 

this bflHasHft-». is   ,,     .    ._ «• ^ — -•_       • —•         .-   •-- 

m_;(T)-* f |»(t)] - 1/h S^ H(t) ö (t-tp) dt 

-:<* 

where V(t-tö) is the fiirac delta function and tQ is the last time that 

H passed tnrou,$i a critical value, h or -h« 

In the second model the axis ef the two stable 

positions is at an  angle with respect to the direction of the external 

ÄRmpüÄ     RESEARCH      FOUNDATION     OF     ILLINOIS     liiS.TSXUlLt^0^^t4^JJiK^J^Ad3.»~v_ ^^ 
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field.    As the field is increased in value,  the stable position furthest 

from the field direction will rotate towards the field and then 

disappear (i.e%  c^ase to be stable) .    When it disappears, the moment- 

will "jump1* to the remaining stable position, which will be more nearly- 

parallel to the field direction.    As the field increase^  the remaining 

stable pö&I.-ion will rotaie„toWarda.,.the. field but will not disappear^ 

The magnetization, m,  of the particle will then approach asymptotically 

a value of +1 as the field is increased further (Fig. 1).    A similar 

process occurs when the field is reversed and raised to large negative   - 

valuer*      In this case:m approaö^s' the value -1 asymptotically« --The 

functional for this model may be expressed in terras^f-1^ €«metienai—-— 

forthe' first model. "' "       --"--_- -— — 

m2(T> - ffi|(?-)[   M [ h + m(T) H (T)j) 

where? F(x) is an ^specified function representing the curve 
along which m approaches the asymptote ~ 1«. 

The magnetic properties of the third model" 

are obtained; by averaging over the magnetic properties of the individual 

single domain particles making up the models These particles .differ. 

only in ^J^^^IJ^ 

jj •J., 

_ - t_^r;;— 

from an^ntapar^llel posit|^^ ^parallel position* ^Because- o^me^-^ 

different values of h reouired^  the moments will not all flip at on^ 

and the average effect sd.ll be a deviation from the square hysteresis 

laop of the singlerparticie,^(Model Mb» l}„    The hysteresis loop f ör • thsT " 

third model isf shown in Fig, 1*    The functional for this model is obtained 

by considering "theTmagnetizätion functional of an individual particle as 

a function of the parameter, h,  as well as of T and averaging "over the 

contributions of particles with different h> 
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% (T) •|      njfii.*) n(h) dh (8) 

_._     iHrier.es    1L(T) is the magnetization functional, n(h) is the 

relative volume of particles which have critical fields 

lying between h and h + dh, m^Ch^T) is a functional of 

H(t) for a single particle^ and Hs is the saturation field» 

This model gives hysteresis properties which9 in certain respects^ resemble 

those Of ordinary materials 5 but It. still-fails short, of ^describing :  

magnetic phenomena^ in general« 

The fourth model is similar to the third 

excsTvfc that the  feasir? nart.inlos  nnT*T»Aisrirtn<3   +** +]na   aöonmA «UV/*«Y  -p«»*;!.—« 

than the first» In cserying out the averaging for this m^del it should 

be noted that the different single particles vihich "flip" for a given 

h value may not have the same reversible magnetic properties» The function 

?(x5 in thi-i case is assumed to represent the average reversible contribu- 

tion of the particles ishich "flip" at some value of h«, The hysteresis -'. 

loop for this model is shown in Fig. 1* This model, although general 

enough to describe sonJe of the hysteresis properties of actual materials. 

is not surrieiently generals " The magnetization functional for this; 

model is. 

f     agO^T) »(h) "dh 

'0 

»ere M^(T) is the functional for model ii and the other symbols -are as. 

defined j>revio;asiy0     = . 

The analysis based on tha jtbovg- .models_is_, 

r\ 
empirical in the sense that only a general form ef the functional is 

obtained»""The functions^and constants must be evaluated by using 
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. experimental data such as the saturate hysteresis loop, howler,  these 

data ^. not sufficient to aetermiäe the. behavior of a ferromagnel for 

.   , „.        ,.. rm* functionalsÄi At^^toü,'^^ • • 

one of them will-properly predict ^ feehaViQr ^ ^ ,c^Mnati(j^    ^ 

^       problem--is to determine-one of these functionals which ^11 predict 

''•"    -"correct the behavior of ferromaitic^aterials for a la^ (^not an 

models described above do.not achieve,,.this result.   ..The. fifth-r^dei-- , :,- 

appears *to show-g^ia^rj^el^^ 

tions of this type«    :~ ^       \ 

(j)  " ""   "" -" " " ~: "  r't2;^"^^rj6nentir^brk'   ~~     """"'       ~~~7~~"      "      -——-— 

-      **'    £g£y<>xcvibe: Hi ^adjfatgrjal -     ,_..., 

. -     - - " Samples of Ferroxcube III magnetic core material 

- ^obtained add the :magnetiC,pr^ertioS were examined by-a-c and d-/   ^ 

I 

/';' 
W 

the 60 cycle measurements is shown in Figure 2.    The voltmeter was ft' 

, Baliantine Model. 3GO which responds to the average value of the „applied _ 

voltage.    The peak magnetising force,  H,,  *n the sample is computed -from/- 

<i 

my 

JL^. 

3-;. 

~\ 

'* .  "7".      .___ ; ... •;_._;   _4ii); 
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where?    f is the frequency,  cps« r? 
?<• 

M is the mutual inductance"  henries 

Im is the peak current in sample primary^ amperes , 

— % is the peak-magnetizing field^ ©essteds 

JJ-r is the number of primary turns 

jf is the mean length of flux paths cm 

The peak induction in the samplej B^,  is calculated from V»> (Figa 2) using 

the equations 

-1', 
it ftf 
3 •» 

f •• 

•-'•^2 - /S«.i. § m % icr8 

E 
3    a J[ji 

m       * 
(13) 

•where?   %    is the peak flux in the sample :m 
! 

/ '- % is the number of sample secondary turns 

B is the peak induction^ gauss 

a is the area of sample^ em-"' 

A ring sample of Ferroxcuhe III with a rectangular cro.ss-rsection was used 

•v. 
•W 

for these measurements! the sample dimensions were-'!• it" I0B« and 1©76:8" 
^ I 

Ng ^ 30 turns" L - 12*63 cm# M = 1«:83 X 10~^ henries* The results of 

the 66 cycle measurements are plotted in Figure 3« 

A short cylindrical sample of Ferröxcube III 

 .    _,, _ MgJk^M.JL^j^h^^ggEBQJy^g^gsforces jn a.Sahford-Bennett high-H  , 

permeameter« . In this test method" "toe,sample „is pl^ced_lKvb5ireen.-.i3ie_pÄles--. 

of a powerful electromagnet with the parallel end surfaces of the specimen 

abutting the pole, faces? thus^ the n-agnetizing field is applied parallel 

i ) to the axis of the sample* Because of the variable and unknown effect of 
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  . - — T© provide experjuaetitai, data which wotjldpe 

helpful in the establishment of a basic ferromagnetic models ä series of 

tests on a long wire sample were performed*.    The sample_used for these". 

tests consisted of. 100 strands of medium carbch steel "magnetic recording 

wire vdth nominal diameters of Ö.-001; inch«    The length of the. ^samplecwas 

21 incheso    The sample was^USed straight.., without a yoke or_returjnt path*,. 

  5 
" . li- 

the two joints in the magnetic circuit, this method xs useful only for        =f 

materials of relatively low permeability. For magnetically soft materials.     i 
•     ' > , I . 1 

the chief use of this method is the determination of characteristics ne&s < 

saturation. The results of the DC measurements are also plotted in Figure % 

-   - --~ .     The design and construction ©f a high frequency ~ 

magnetic tester for core materials was carried forward during this project, 

but with' the cessation of the magnetic recording investigation, further 

work on this tester was discontinued* At the time work was stopped, the 

general plan of operation had been determined^ and the power supplys_ gower„ 

öjseillator and power a^Hfier had been designed. Construction of th© 

uhitpusihg" PounSatiöh funäs, "had been "startea.    '    L ~~ 11 

(b) Tests on a Wire Sample 

4 
Ml 

L 

_^„    _            wJ^ich allqwed. th^j^asure^ent^jl^ {^x_ b3L^ab-id„remoxal„ofäJ;hei sample-JErom: 

the coil.    The end effect errors due to the use of a straight Sample were» 

minimized by proper design of sample and equipment.    The details on the 

design, of the -equipme»*« are- given-in-Espert-Ke* 2Q=783A=3-,  

The data for hysteresis: loop,  initial and    - -   - 

residual induction curves were obtained with -Ulis, equipment,  since, "it was 

 ">— «*-•' ^*°e uo"* «««? i-ne inos-o important starting points in the 

(__ ) development of a ferromagnetic model.    The equipment was also used to 
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J detenBk» the residual flux in the- sample after oscillatory magnetizing 

| .--- pulses had been applied. - Ihe exponentialay decaying current in an 

oscillatory RLC circuit was used as the source of the magnetizing pulses. 

After exposure to the oscillatory pulse the residual flux in the sample 

was"öfetermin^/^th'a fluxmeterT   An^ Wciiiographic record was obtained" 

for the   q - H relation as the sample was subjected to  the decaying^ 

•^^ » P«-s~?    w«: traces snow in detail the devious route by      " 

which the. final value of residual flux is reached (Fig. y, 

b*    MeRgi^ Qg the Frequency Limits of Magnetic Recording ~ 

 *- — ,-  —^   - .^-—u-l=^L>—e  — -^.'.-.-I ,..^-XllJL= fHeito^-rig>.4^i.^..in.3^ /u^^rt-.^^^^— -^-,.      ^-__.   .—   .     _ ~. ,^ . ...  _c_ 

r  . (a> * Genera? ^        - '     ," ^ 
:   * - - - 

-----  '—lcai ««»opMigawoaB qimagnetic recording- 

O Phenomena can be divided into two natural and clearly defined classifica-, 

tions?     (.1)    investigations of recording phenomena,  and (.2)    investigations 

_ . _-/       of playback phenomena   Although a study of playback phenomlna pro.eeeds ^     : 

?rm * ******& of, the distribution of magnetization in the recording   _. 

_."__;'.,.. "****_*!* hence cannot be carried through exactjy^il this^jst^ution, 

f ^ 
ifJ!^LJ^!J*^^ 
important characteristics of playback phenomena can be deduced by making 

reasonable assumptions regarding, the distribution of magnetization in a 

recorded medium.    It is: possible;; therefere. -to. investigate ,4^*^-*«* 

recording phenomena independently.    It should be recognized that the use 

.of multiple -cMnhels^ould: allow the record^öf ähf ba^dwidth^dthin"~ 

^re.ason.s^bQnffissr«3-!fi« —tivi.a„v-.-,'•i->~—~—& __.i ; „ L~„—__—- « »_.„. , „ _~ 
•            •       -  n•~^ --i Töiiaune^s required will be determined by 

K, 

'~\ 

the bandwidth of each channel.   It is,  therefore,  reasonable to concentrate 

•--•     on the expansion of the channel bandwidth and leave the multiple channels 
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determine the residual flux in the sample after oscillatory magnetizing 

pulses had beeu applied,   Hie Exponentially:.decaying currant in an-  

oscillatory flLC circuit was used as the source of the magnetizing pulses. 

After exposure to the oscillatory; pulse the residual flux in the sample 

was determined with ä fluxmeter.    An oscillographic record "was obtained 

for the   9 - H relation as the sample was subjected 1a  the decaying 

fl°yj-^pry^pulse,.   These, fresst, -show in. detail Ahe devious r-öü-ts by     . 

which the final value of residual flux is reached (Figo kU 

h*    Mepslon of the Frequency Limits of Ma^tAcjggmrrij^ 

i __._ „>_ J^_^fi"ieorrejtiGal-Afia3a':.ses •-        -----  •       •    -----  - __— 

i , 
Li 

i 

•W^J«. 

— ---= - - -  '-^~r   — r'w„wj.&v«wj.vi*o   wx   lustgnclixw   X-lSCOJC^llftg 

Q phenosena canbe^di-ided into owo natural and clearly defined classifies 

tiohsf (1) investigations of recording phenomena, and (2) investigations 

of playback phenomena. Although a study,of playback phenomena proceeds• 

^: from a knowledge^ the distribution "of magnetization in the recording  _' 

':.'-_' -       medium and hence cannot be carried through exactly until this distribution 

It 

important characteristics of playback phenomena can be deduced hy making 

reasonable assumptions regarding the distribution of magnetization in a- 

recorded medium; It is possible, therefore, to investigate playback and 

recording phenomena independently. It should be recognized that the use 

-• -        •' -*  — —>"*•><=«- .*OH14O.J.C;IJ wiui-.ue cteT/erminea py 

_ A.e 

Ö 
the bandwidth of each channel.    It is,  therefore,  reasonable to concentrate 

 on^expansion oifMthe channel bandwidth and leave the multiple channels. 
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V- to be applied only after the" single channel:.bandmdth ha« hgen -increased 

It 
-I! 

as rar asp^^sible. It should not be inferred that the use of multiple 

"Cbannelo-i?~-Tar^j^lVr^twi^^ny-:on the cpnxräryf~-6ne problem of maintaining 

proper phase'and synchronization of the components of the signal is very 

severe.'''       "     ..•.*. '_'_. ^" —--  *;'-«—_^. —- '. 

I The bandwidth of magnetic recording can be 

._-_-=•-•^«=-. _ fended by radesigh.and njaprovement of the component parts,of present 

magnetic recording systems and/or by developing new techniques. \Sihee 

a suitable basic theory of magnetics is lacking, it follows that improve« 

aent in either of the two dirpft+.-ior» li«» av»^«..^ v,. i~. _*+•%,« -«- -  — -««». Q^VW«« wi^vw iuv&0w uc uy 'öxünex  ein 

O 

•eipjsiiical or fundamental analytical appro ach. in the previous section 

efforts to increase the basic^knowledge•.•at magnetics in„general ware— 

discussed | this section wJllFdeal specifieally with magnetic reading« 

« -    _ : yk) Camoar-ison öf Recordin• Med"ia     —  ; 

r 

- '  Experimental, mrk  oh~this project was for the 

\\ möst ^^cöncerned with tape recording, but it is not te-be;inferred^ ^7" 

_„    - froja *his that tape is the most suitable medium on all counts. Tape does 

is provided by recording all channels on the same tape j tape is much 

aA -             easier to handle» 

_,-'}' lsr^8 häs the advantage over tape from the 

-,] standpoint of volume per cycle recorded; it also has a smaller change in 

j r-„-^A-s, .Qi g g^en -teng^n recording.- Both steel wire and steel 

^'t  _  _._.  tapes have, .a_. longed -üben. r^AA£a—tK«».. a~-—. . __,^_—.—_... _^_m_^.„"..„^..,-__„»_ - a --_-;«... -—— — _ «.«=„ ^ Fapei öT pxas-öic, tap es". - - The relative 

J importance of wire rotation effects, tape skew and head contact variations 

\ I (~\                        have not been evaluated» 
. -B H 
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:-.>.In APPen*^ A of Report No. 9Ö-763Ä-3 a comparison 
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.  1 
' 
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jl 

r-'~ • 

lfc--= 

*-.;„ IV r 

11 

of the various media for a two hour recording is made,    in this study the 

^fwiläw^-jia^croT^craapafIsoffÄ considered: typical dÄnsions^physical 

stacking factor,  signal packing factora  spool and ir3el„siaes and speeds 

ultimate speeds based on stress in medium, eddy~curreht effects>    The 

results of this comparison are as follows?    Wire is capable of approxi- 

mately twice the -speed of plastic tape, but its minimum waveien^thvis,""  ?~7 

approximately three times as long as tha;t for tape.    Fire will ^store- 

approximately fifteen times the amount of information per unit volume. 

Because of its stmeriör shoT^^vslength response and Jelt^ynchronizing,^. - 

characteristics, tape is indicatedförTmultiple channel uses ifcile wire^ 

except for the high linear speeds required,,  appears best for a single 

channel application. ~; 

__--.-    ~—       (s^    Recording ^ocesses 

•- Tne Recording processes in magnetic recording 

can be divided intojawo groups for the purpose of analysis,;. ,(l) recording. 

71 

I 
I 

'V 

the time and space varying field produces a fixed distribution of magnet- 

isatioh that remains on ifce medium after it leaves the recording head. 

One of the factors xtfiich limits the highest 

.        frequency which can be recorded is the shielding effect of eddy currents 

-~   itarietaläc-med^m.."" 'fh^eddr.currents prevent the'maieti^field"^^ 

_,, _IKC  w .-w ox TOe recording medium.    This shielding 

effect depends upon the geometry of the magnetizing field äs weil äs upon 

the signal freouency and wire magnetic and electrical praties.    Thus 
AMOUR   ftESEARCH   —•   -  „L,NO,s   ,NSTITurE   op   T,CHNO,QSV    ' 
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UP 
In Appendix A of .Sepört No« 90-7Ö3A-3 a comparison 

of the various media for a two hour recording is made* In this study the 

following points of comparison are considered: typical dimensions, physical 

J stacking factor, signal packing factorf  spool and reel sizes and speeds,. 

ultimate speeds based on stress izrcasdiiim, eddy-current effects *.   The 

results of this comparison, are as followssl Jiire is capable of approxi- 

mately twice the speed of plastic tape^ but its minimum wavelength is 

approximately three times as long as that for tape«, Fire will store 

.approximately f if teehrtiSieF the 'amount- of infonaatioh .per unit volme"e ~ 1 

Because of its superior short wavelength response-and self synchronizing 

characteristics, tape—is—indiöätea fe? multiple channel usSS faille mre,9 

except for the high linear speeds required, appears best for-a single 

.._./"*":«  , « , -, .^channel annlication*   __   . _. _ _. . _ ._..-...-.«^ ,..„-.>-.,.."..._ ... 
v / __ _ _ - : •••        -* -•• .  :   . • ----- - -._._-__  •   ----- -- --,-•:--- •.-•----• .-" 

(c) Recording feocesses " 

The recording processes in magnetic recording 

can be divided into two groups for the purpose of analysis? (!) recording 

head processes, by which the input current in the recording head produces 

j^ 

a -turne and spacervarying magnetic fieiös" A.d)  recorüing^proeesses- ty, which 

ization that, remains on the medium after it leaves the recording head« 

One of the factors which limits the highest 

frequency which can-be recorded is the shielding,effect of eddy currents 

.ptj* iretallic medium.    The, eddy currents prevent the magnetizing field 

from penetrating into the interior of the recording medium.    This shielding 

effect depends upon, the geometry of the magnetizing field as well as upon 

1,    I     %J' t^ie signal frecmenqy and wire magnetic and electrical properties..    Thus, 

K:    | ARMOUR     RESEARCH     FOUNDATION     OF     ML Li NO iS     INSTITUTE     OF     TECHNOLOGY 
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it is no-independent of the »gap effect», tfnich refers to the limited 

penetration of the magne^ing field due to the rapid decreaseVthe""' 

field intensity•*,_ the^ist^from the recording; gap increases. 

An analysis of these effe;ctsi.for recline «ir- «h^- -----    ~   " -_« ^^^, Hix-o mixviii gAves a reasonably 

accurate Sstimte'of the shieldingeffect"for a given gap width, and 

allows a qualitative estate of the smallest useable «, width,'haS been 
carried O«+.-S.YI Ar%?sovirt>ji>.Tti ^.x* -D• i„&. «*. «_-.-        . .. _ .'      _ 

-_ ^pe.a^^v a VJ.  Repwx-t Su-,:OJä~30 The results of this 

analysis indicate that for gap widths under g «a. q» ^^ effeg, 

of eddy currents in standard recording iS^^^  ,7"\~r,"" , _    cwiuxng wxre xs enuxreiy negligible up t© 

10 megacycles« — — 

,-        The further analysis required to formulate a 

useful theory of the-recording process was not finished due to the ^hango.V 

of emphasis ,away from magnetic recording, 

6*) Playback Processes 

The theory-of playback phenomena is in a better 

state, ah«.that of recording., in- that the differentia equation renting 

in the 

;.-."b 

«*. action *ith boundary conditions corresponding to the shape of the 

head.    During ap«B! p^ect,  this differential^^ „a ^.j     - 

for boundary Cohdittens corresponding to an idealised head »del.    Ihe       . 

. • • • solution appears^ as a aiagle integral relating output ^Itagejc the    __ 

——-   -    ^magnetization in ilia record'•     w,V'J^„*" •    , " ~ ' ne reco.4.   Ujw integral «, reduced to a form suitable 

for. h»erical evaluation for «, case of a sinusoidal signal   on an 

infinitely thin tape with a wavelength .which is « „»pared to the 

over-all head dimenisior.s-    Extension «*» •*.- 
i """7BM„,;. """"""-"'" tension of this w>rk wc.ul« invöl^. ' ~~     
f ARMOUR      RESEARCH      FOUNDATION     O*     ! I t i M«,„      , 
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(a)    further calculations to obtain n»erical reacts for tapes of 

arbitrary thictaeesand for ^lengths Aioh ^ ^ ^ ^^ 

head dimensions,  (b) edifications oftte analysis directed toward 

.obtaining a solution for Xe=s ide-iisad *»-»'»• /. -*•""' '~ " 

(z)    l^erimental Work x ~ "       --._.-. 

•' (a)    general 

• KJ 

%perlue,xUi w»rk on magneticr recording was 

aimed at obtaining fundamental data^n recording and ggg^oce^^ 

*: ..«-pt^c increase W.pper frqquenc, ^  rf ^^ ^^ 

I^gencrai,   ifcefundamental processes pf^neti^ecorä-^--^^^^"" 

Jbo be independentofLjErecnienc«-   and *-*•-•-•« —*. "~~ -     - - -= ,       3V and A„r „hie reason,   the investigation of 

iheae Cental proceasea _«. be ta*en at 1„ tape speeds and audio ' 

freoueneies. . The extension of the upper fregency li.it necessarily 

_^nU^M» tapespeada;  or at least high ^ting rates,  to coition    V 

to an investigation of the frequency character!««... „<• 
H     vjr cuaracterisia.es of component«,- heads 

i»particular,  at thejrtgher fre<juencie§. \ ,„..,_;..J.. ... ._ ...„,   '.„_, 

.-=T; — _-__-- •_...:.. .      M . IfiJt SpeecLiBroer1n.aa.t.g _ rJ__   .     __ _ 

^** "**> **« «W W^portional to *i"irf      " 

a c^ercial „agnecord tape recorder »as used to playbaOc recordings"* 

two d:^fer.ent speeds»    Recording nf» „=*< necoraxngs of various wavelength« were made by 
recording different frequencies at i* n- u 

„ 6S pflg.agc6Pg>->w-ge recordings^ 
--BB?s"piajrsä back ait 7.5 "S T^ -iWov.«.-  ; ~•———- 

•V» and 15 inches per second.    Standard Magnecord 
heads were used in these *,««,*-    «„,, *. 

t*W ^sts,  and the results are shorn in Table I below. 
Hf A • • '    If?" 

a.' 
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,050 

.025 

.015 

0OÖJ75 

-.03g   ': 

«001 

- , . Ääg. SS 

db above 10 mv 

15 ia/ieo 7»^ in/see 
- g^gj  ._— 

- 18 

32 25 

- "'3T,      .._,_ r--.-_    __- -^,- r ji.   _ 

39 33 

Jjy -=j.v  ,-   ^_--^_ -.;  

37.5 33 

31      __- ,         -" 2% 

29 
& 

23 18.5 

dbDifference 

XJ 

6 
j;   --_; .-^_.     "~"H_ ._!_•__•.   m» -=__..__. 34 ____—___ _._*_ JJ - .    -   . ^- - - - - . - « 

r 

Ji*JL 

li 

li<,5   - 

In the absence of other effects the difference shouldbe constant and 

equal to. 6 db.    The difference between the measured value and 6 db at  '. 

the longer myeiteng^5 is probably due to better head-tape contact at _ 
15 - inches CeiF SAr-fin/4 MI^AJ I^._ J, .--   ....-.»       -.-.   .-   ~_-*_~.-. _ —,— ——1—— 

.. .-.-„._ ^^w ^ xncreasea Lape tension^ The difference',"' 

at the shorter tjsvelehßth is believed to *° du« -- -V- -    - - -' - 
 _, __ _„„ ^ ______r__ ___r__-_"  I~r~~__-~. _ u"c w »^g^xgequ^urf losses 
in the playback head. 

4 

Wide perigents^. aecording. and pisj-ing 

back of high frequencies will ultimately be limited by the short wavelength 

characteristics, of the recorder« The short wayeleRgth^chäEacteÄstics——— 

öf a system are dependent upon the-resolution capabilities of the medium 

and the effective size of the scanning gap. The limit imposed by the 

record medium is absolute, in that it cannot be altered by design or 

refinement in construction techniqueso The short wavelength limit 
ARMOUR     RESEARCH     FOUNDATION     OF     ILLINOIS     INSTITUTE,     OF     TECHNOLOGY 
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imposed by the playback BOMBU» eat) is •.i •-     , ' 
«WDg gap is relative tp thV width of the 

scanning gap and   with the eäfcen+w «*• u    ^ i 
. exception of head contact,  effects of gap ! 

Sw "^ "Ath •*> «P« as with snail „one- -     I 
-ThiO' 4-~ —.- -»* _J.-^ _   , . • I 

-a.-ad^age, sin« „ isiuch. ^ier to oonstruot ' 
* » »a gap to. eiTOn p.- eent. ^^ -ttaa¥t is to ^        \ 

.-« «1»,_ „ate .^ t*0„ », 10;:«. ^36^-^a ^—4 
Playback head? recordings being made with . 

-,.   r:. , -      g     de ,*th •   co^rcial recording head» 
J-n iigures 5 and 6 are shown tWeai r^ 

-   • . -- •-  " »« 4wx- xy ana-20" mil 
pan«.  A -~t:   «. . —  "»J.J. 

o 

. _ _ —~ .vv xvi j.v ana zu mil 
gaps. A number of öh<!OMM+-!«  i. 

:_: .:     ß•tmm^äm*t^.m>^jM.^^. 
Ü)    ZeM <»%»*«*»<> U approxtaately those fto- 

8 p **«*M- "Wl to an Integra! multiple of 
the  tramlw^v - "^ the wavelength * 

_ „ :-l- C2) ThS ^^ l6Wl at <*»*«*M* higher than that 
for which the gap length equals, the wavelength is"-- "«T^ '^   "- 

^xength xs x«ss than is observed 
when the. same frequencies are plaved b^ 
.   - -   -      • - -    Played back ^th a smaller playback gap- " 

Jl_ 

~- •    : r. : ^ ^^rrüJüJ503^ and zeros than^sther-~v- -,^-^-, ZZ^'dZ^I 111:: 
""; , V."' ^ "   "'" "T*«W* lamination indicates 

a corröiaüxon between regulars tv *? +*, 
n,„ ' 7 °X thS *T^*- **•«» and both sharp- 
ness and parallelism 0f the gap edge.. ^    ~ 

 —  '- - —- ** ab0ye ^-^ion on gap effects^fiiayback 

^ HUeS^n a& tC *eth^" ^üar effects are 
noted xn recording heads.    General experience **,-„• 
_.o experxence had xndxcated that-good 
recordxngs ,cpuid be accomplished with wide or rar, 
,  : "      -ß 6V narrow recording gaps so 

Q long as the final gap edge was well -defined and     „ 
^ aeiined and made good contact «*ith 
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*"" "**•   r" ^^ '•*-•-**!- *n «ore aetail; rscordiagE 

were *ade *th «e sap hSads ^ played teck ofi a wmsr^^H gap 

playback head.   Pic, 7 she,•«? *>~ ««=-*».. 
*ig.  ( snows V« .EMDOHM curve obtained «tth a larding 

^*-M** had *-,* Ä_p^ -It ^u mm^t ^ ^-j^- ; •; 

are consistently slight^ to the l*ft of the response peak* and that in 

«- .- K *.« K<1," there is ^ value of K ^ ^ w ^ ^ 

to fall directly on^the response peaks.    This aay be ^^ as~ > 

indicating that the effective gap width fanV *«.-«Hi*+-i 
"T      - __        ^ ma jKG| is slightly smaller than the 

nominal head gap width (Q),    The effect js *»-, 0-^ - <T~ \ /      -«c exiecu is Sio© evident for a 2 mil 

:--.T~e ^ «—.«, .^«.«w.*,»»,, start «•i6n^6ffl;it'   - 

it WnH< prebaMy be otacured by ether e«e«s te „^ re??r^?. -— ;; 

^ T<> e^1**» *»i= obeertedreeor.dtag phenoftenon 

»taider «g,-. r. *ieh u a plat of fleM strang,h ^ ^ rtolnlty ;   -    .. 

*..«. e^eneed by a. infiilite3y ttan tepe 61ose ^ ^ not .(^ 

** POÄ piecee.    » win belted «« ^e „ ^ ^^ ^^ 

intensity: and .that these-no «s-i+^nr,^»^ i':-   •* -   -     — —•'—» - -----—-—--—— 
L-ese positions^ are less than the gap length apart, 

— »V-WBU wi^ax. x,ne reeordine field -T« v^+v. i.- " "    ;     " : "  --""  " «ing xiexcs is both bias and audio and that 
the tape is Bassins across th»Säa-j    **-       -- . . .. .',-,. "  „  : „- 

** o^ be^en the ^^ Bade an ^ tape ^ ^ ^^ ^     - 

«lue «i the wmag attested by the eeeend pei« V8iue of the „ee^ 

i« «Ah   When the t» pee, «ee^ «eJ4s ^ te phSEe a .^^ 

levea^ecorded sigaai ftoeW fSsifi on. «,*. **«. ,^l^__ „....„ ,..^ .. . .-. 
—-- ----.- -       --*—J —*v*. »Mi^« viiey 5u?e not in 

Ptaee e partial e^e^. re^co^ by the eecend pee, Held ^ "-,- 

etanld«^,    »««««^^^^^ 

tan «hen n^e ^e gap record^ heade,    It was fonnd that ** satu,a- 

M 
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fcion values of bias änd/or audio recording currents the response our;?© 

became smooth. It is believed that in this ease the second peak field is 

strong- enough to obliterate the repordingjjf _ the first peak field» j 

11-' 

/ Ü 

Mi^leEdgeJaap»;    A logical' step f so m the. s&_de gap - 3 

heads is the production of a recording head in itiich the double peaked j 

field is not.present*.The single edge gap head constructed td eliminate     — 

the second peak is shown in Fig. 10,    The gap spacer is laid over one 

.pOle. pise«:: SO J&at the tape cannot- contact   this pole piece-oHa Hü that'-    Tf-: - 

the copper overlay will constitute an eddy^cUrrent shield t© weaken,.the      ~_. 

peak field associated with the covered pole.   The results of recordings 

made yith this head and played back on a conventional head are shown in 

Fig» lle    Although" the head had a nominal 20~»nil gap, "the curves are quite 

smooth».. The two curves are for different directions of tape travel relative 

to the head j the short wavelength recordings are better when the tape 

contacts the exposed pole-tip laste ~    ; 

 1 _M_a:ffi^'te?. ®* fet^Qgt* this,head .jas also Mated:1_^  

as a playback head for recordings made Mth conventional head*: Tfy@< curve 

is snoothj free of gäp-effect zerosr-of output^ low STl.eveirat all fre^" 

^.uencies and poor in short wavelength output, 

Zero-rGap Playback Heads    In Fig» H ?is   shown a picture 

of    a   so-called «Zero-Gap«« head..     The intended principle of operation is 

shown schematically in Fig. 12.    Recordings were made over the full width 

Off the tape with a conventional recording head and played back with the 

zero-gap head.   In conventional playback heads the short wayeisngSh dispense 

_I__„ 

4%. improves as the gap length is reduced,   so long as the reluctance across 
IT!        ""*"*      - " . " "' — f^w&s 
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the gSp:1S ^S^icantly gx^tsr^.H^ .*_'._        _           . ..       . __ *«*« «„.^ barrÄ ___ h «—* ** »«. 
gape     *. 4 "^ ^^ ** *- *» «00« tech 

W avowing the gap edges to be am, d1«=- 
in the direction'»F t,   T~  ":  ~ W aistar.ce apart 

ujjection of the tape travel     «,^_ • 

m edge traverse a d^erlt pi     ~!     " """^ * ^ ^ -      coherent path on the tape,- however" *»«.   ^ 

ob.tained on th- *a- -«^senuative of data 
'    °n bhe at*° «*P Playback heads.    m» foil    • 

noteworthy. '- -    aas'    n* following observations; are  _„ 

CD    For 1he curve of Fig« rl.-*^ tfa 

to .posits »ia-;,The^-   - :     ^-^^^jm^m. 

approxiinate: accori" with" theory! ' 
L_Jf_ii-j^i..:j»!, = . ,-••..•• 

w   et 
(2)    For the curve of TüH,,   ll? it 

.^g^i^-_JÖ^!^«j^tte-t"-'i^r-I6'!mij:8-;'Öf the tape length touched the 

iron of the head at two positions of the "tape wid-tii (F±g«> 12) *    It will 

Be noted that the response maxima and minima are reversed fqr_jbhe.„pfi.si±iae- 

^      ^and negM4«e"gsp'dätäv JL possible explanation is as follows»   jSl^mäit'S-- 

of the.tape-length «fcicK" contact both ends of the iron Circuit contributed 

no flux through the coil" since equal surface pole strength is applied 

to each end of the iron circuit« When an integral number of wavelengths 
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I 
is deluded to t»* length of tape torching both paar**».,  the end, « C 

the pole pieces are presented to the adjacent"recorded sections of the 

tape to the sa*e .elation as the ends of «fa. ?ole pieces in a conventional 

-head,  the^ gap of *icn is ^mail compared to the ^lengt^    In this..case 

a higher output results. -,    : 

WhOT sa odd number of half «TClengths are 

'"*** ** '*** "* '*» *»*«I <*«• "ia.- Pieces, the' adjacent^   ~ 
redded half-^es, which touch onjy one head p__e plece> find log ^ 

reluctance paths through the <t»nt amr-tn* •i       • . __.-.- .._        ,     L.     ?", contacting pole pieces vßLthöut threading -   -       - 

the coU in a useful manner, lo* output results., I   / ^- - - 

" .0)    In «a case was the short wavelength ^sponseT 

of *>* aero gap h,ad as good as that of a conventional s_aall gap head. 

This may he due in part to *. difficulty in adjusting the gap, ^ 

it can no longer be set by pressing the edges against a non^gheti,:   "      ^ 

spacer as in the conventional construction, 

:       —•*-—a ^ej-^tive J.OW rrsquency response       

« due to .attenuation-of the ^k** and not due «o to i^ency ^" 

^o%.__Xt isbelieved-that^thia •****<.* ">* -*— -- — -       - -   -^-- .:- --~__-_^-_- -.--'- 

acrosVthe tape ä gi5rtag £ "^ anumher"a7dlfierent .gap rtathe   —-.'•""" 

simultaneous.    This de not considered a use« for* of elation. 

__-:_•_   4c)    HighJp_eed_^erJmAnt.s       "..    __" ___!--/•._ fc, 

Kj.gh Spsea ü_aan r1*"*^^»«     T%* _.„_>       __ !*-  
 --- •-    --   -       — -- . :    '-   ' '"!»'«••- _ _-:.   " —-*-    -J-« «^sü^r u    •- j --r-j. 

test recordings at high tape speeds, the iooptape «...or fig, „ _ 

constructed, A varisMe ,peed d-o »tor drives the Xa.-ge capstan dm*   : 

Q ^ugh a stage of speed UP puiievs. The tape is drive» * the capstan    " 

Sä"-M 
t_*-^-L 
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and pasties, over the head and the guide poets mien keep it aUgneo -vSitar    *-- =| 

the heaet»\ Provision is made to key the recording circuit in order that 

a single recording Mil-be made on the tape loop« _This is accomplished 

by-.having a low speed cam.driven from the capstan shaft through a belt       " j| 

and gear reducer. The length of the cam lobe is such that a micrpswitch^ 

is actuated for a time equal to the period of one passage-uf-the loop   .-_--=_ 

of tape over §h@ head. In order ttiat the microsuvitch will not be actuated 

3.- 

the next time the- ess- lobe passes the-mdrcros-jriteh^ a second cam pushes              :       |~ 

the assembly clear pf-the cam wheel immediately after the recording has A 

been made»    By-various combinations «f pulleys and motor speeds,  tape ; | 

speeds up to 2100 inches per second can be attained.« -.,"__"" 1 
-- i 

The loop of tape for use on this drive is made 

by splicirg a length: of 1/k inch tape with a short piece of Scotch tape*  

Unfortunately this does not-provide a loop with constant raass pet- «nit 

length j, „the/splice causes .serious me^.anic^il^disturbaneefe   At. high, tape ^ 

a- -ill 

Speeds the tape.-_vibrates as the splice passes oyer the successive sections, 

^£ the driyej the^ ef fectjöf jöiis vibration is. to cause j^even wear on_ 

the tape (particularly severe near the splice) e The damage t© the tape 

progresses from an initial light abrasion to a xapid stripping of the 

magnetic material from the tape. The increase in the rate of tape damag« 

äs the. tape is run continuously is apparently due to the 'increase of 

.      tempErature caused by friction between head and tape» As the tape damage 

proceeds, the magnetic material mth its binder is deposited on the head, 

which further increases the friction and accelerates the rate of damage« 

( ) The use of tapes with higher melting point binders did not significantly 
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alter wie results. Phöi-ögraphs of-damaged tapes and a .head; with magnetic 

material deposited on it are shown in Figures 20 and 21* 

~ ~ - - -  %e mechanical difficulties encountered point 

to the desirability of Obtaining-a suitable lubricant for the tape._ The " 

primary purpose of such a lubricant is to minimize abrasion of both tape 

and head. In addition, it is desirable that the lubricant prevent the 

loading-of the bead -with difcfe/~and it should also have a damping influence 

t:\ 

-L 

on 'ixupavwnB.-'   Äi-iempts üQ impregnate ttie Ferroxcube III material wi4_h 
•i. 

A 

:i 

'"'—  :" wa* w®re uhsuccessfulo    fjome success was achievsU by-using «Tthick soap   ' 

solution applied to the guides over which the tane runs»^  The technique = 
--•'-• , ( , .-.. tr • - 

öf^°Pe:rJätion waK *? lubricate the ^?ide-v4th =oapf bring the tape up to 

(~) speed and record,, stop the tape and relubricate, and then bring, the tape  

up to speed forL playback.-ihe"average time at high speed was ten "seconds.1 : ~ 

Some plastici tape? were operatedrin this manner at ä tape speed of 1000 = 

inches per second for as many;as 1^0 cycles ©f;operation without noticeable    l'~ 

r  ^_^r^y^L^^J^Ah?AP^Jcf^ I^g^eral failiire^ 

Jt i$ bÖ^f^ that continuous lubrication, would result in practical tage- ----_ —J^s 

^j 'lire ät spefäs of 1Ö0Ö inches per second or higher in a ccntihuous 

I (contrasted to loop) recording system« 

Frequency Characteristics of Heads: The play- 

back performance of a head, assuming a constant peak magnetomotive, forcer 

from the tape at" all frequencies, may be approximated by wrapping a few 

turns of'wire around the head pole pieces" at the gap, passing a current 

of constant amplitude through the coil at various frequencies; and 

I 
I 
I 

I i: i. 

I 

measuring,the voltage across the head winding coils (Fig. 26). m a head 

AWO"     .»"^»     «ÜHDAT.-OH     OP    ,,L1N0,S     ,M„ITUTB     OP     T ,c HN O \ O . V    ^ ,    ,.,, 

_..   _.  ;  ..,..„.   __.,„;_ _^,^_: Ulli 
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having zero losses the output should rise at a 6 db per octavg rate«        !  | 

In the design of a head iiö be opsratedat high 

frfequencieSj, it i& desirable to raise the self resonant frequency (usaaily 

by reduction in turns.) and decrease the-eer-e looses at high frequencies.  ^ - 

Also ver;»' important, but not concerned closely with the frequency character- 

istics of the head itself, is the construction of a head with a very small 

gap to aid the short wavelength resolution» - A head was designed using— ~ 

Ferroxcube III corejaaterialR jwhich Jias^djesiiAbJlG^Lo^^^^ 

This head was fabricated by grinding-., sines the- raechanieal properties of 

Ferroxcube III approach those of a ceraaiie* -The head (Fig. 22) was wound 

with SO turns on each leg of th.y core* The frequency characteristics, of 

this head were compared to those of a standard Ampex head and an Ampex 

v_' head which had been modified to have only 1ÖÖ turns. The results are plotted 

in Figure 23• It will be noted that both of the heads with Only 100 turns 

have self resonant frequencies "which are much higher than the standard 

-—-;—--- - head* It is also to Be"noted that thVriösses of the Ferroxcube III head 

'.**? ^g115^^^^ ^^s^^än^those of: the modified Ampex, headJ.a& jtMested" 

•-?: 

by the: higher output at the remnant frequency, The Ampex head uses-a staclc 

öf mu-metal Igminaticnso 

In addition to the ^frequency characteristics,, 

as determined using the ec*?"Hr:g turn/ the" inductance rand Q w#re determinerä 

i-'-:4.- - — - - -   ä* ^asäöus: frequem-ies using- dats obtained frest a Z-angle Meter at fre-     -"-"- 

quencies below 20 KG änd_fr^j^r^sonated„Jmmäßümg $&.&£. ät. bighe:M&e~-"-•--« 

quencies. The results are plotted in Fig«, 2i*j the racier peculiar shap© =^ 

Of the curves is apparently due to the effect of the gap spacer acting as 
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a shorted secondary.   This TOS verified qualitatively by calculating the 

inductance and-Q ef a mur-tiai •«r^,»«*^*. WJ+V. _ -,, ^ s • -.  , .. v-i      _{ »j. inuucxd. wiwxt a Snu5't.ea Tiurnj it Has a 

similar shape. 

^ The gap spacer used in the first Ferroxcube III 

_ ..__ _^ -«, «u« a.eWW ^Cft spacer was used in the second head. 

To check the effective gap, recordings Were made and played back at a   - 

^ape spwof 6 inches per-second." The result^ plotted in Fi^r6^'  " 

**ow that Either of the Ferroxcube heads is as good as the Aapex "head 

If M 

—h4 

t   - i 

I"    I" 

_Y~~   ^^shoHi ^eleng^performince^wd that" the effective gap^dth^   ~J==r 

approximately 2- l/2 times the Sickness of the .gap spacer» rAn _ex_^a- 

"       " -^•o^ sho^d-tne gap- eage of the Ferroxcube heads to be- 

rough due to. the porosity of the material    This appears » be a bar to 

O the achievement of very short ^lengths ** this type of core material. 

The use of Ferroxcube III or similar material 

appears to be advantageous for high frequency heads but the^heads at 

resent ^ ;not complete^ satisfactory fo^ve^ - 

j_ _   A 

1 M» ! 

*, t 

21 
ij 

•a 
T 

events at tape speeds in the range of IGOOinche, per second were 

^ducted to„ establish the total frequency charcteristic, of a syst^ 

usihg the Ferroxcube Hi head and various tapes.    The recording and play,, 

Mck•*& done with the same head using no MfcftJtefc recording, Both ,- - 

:PlT^^m^tJ^ ^ ***.* ePs e^s* were usedi ^e^^r^epro^ 

"-• 1 

fej 

ducing. a some^at lower erased-noise level;   The record-playback system 

circuit is shorn in Fig. 27,    It Mil be noted that the total: current 

A***U*     msiAM»     fO„,„T10N     O,     .U.NOIS     .NST.TUT,     OP     TE,KNipL0SV 

|v^:;^-r:.y/--:-<R-rT«-^-JÄD'-----    "        ^3*-"   ~ ^Report Ifo^. 9©^83lS 
ILL-^ 
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measured with ths series resistor and voltmeter is not necessarily the 

"actual recording. current.    As tue frequency passes through resonance 

an increasing portion of the total current mil he..shunted past the head 

winding, by the stray capacitance of the head and wir.ingv.. „For this, reason 

the frequency response data cannot be taken as .constant cur;* exit curves"" 

and are probably, pessimistic.    Approximately -0.3t aiilH^lt-amperes were" 

supplied to the head jit 1.0 to-1*5 megacycles. 

The data are^ plotted in Fig«^ 28.    (forves A 

m^ B» „b°th obtaiHd with the Ferroxcube "XII head,  show a, definite 

improvement in signal to noise ratio and probably in relative response; 

when using"plastic~tip-. The metal tape'curve is"Inconclusive as far as ^ 

relative response is concerned because^ the signal to noise ratio is vsrj''. 

poor.    The relatively poor response with metal tape is probably due to 

the inability of the tape to conform to the head contours as doesi the - 

plastic tape* '.'   " ~ 

•s 
'i 
J 

•,) 

Curves B* and" C compare the pbrforaiaiice" of Ore 

istics of the Ampex head shouM have-been better; unfortunately the head 

must be disassembled to modlfy.it and apparent]^%is^dsstrjoyed. its:—- 

^ . _ _1 .°?igto^^go^dlme^ianiGal characteristics.- Tt-anM.i««.«i,r-ei,.«u»^w_  

^^.„^__J?^J»^i'©L^e.tapLiM. an: imperfjact^gap^-^..^- ^ •_ «7.^_r^..:. 

I .fo.ife? c^äe °£. tht'$?&&£&&>*  IB head on 

plastic tape there. was evidence of record up to 1.6 mc« This was deduced"" 

from the fact that, although there was no detectable 1.6 me signal *en 
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Flayed back at 1000 inches pe_r second, there was a.deteetab^ signal at 

a playback ^spesd of 570 inches per second,    %Ls situation "ii n/>t 

unreasonable,  since tltt recording process is less sensitive to gap - 

effects» and there äs better contact between playbackyhead and tape at 

the lower speed* 

Taking a signal to noise ratic-of $ db as 

ST 

II 

J-I 

I     1 

a criterion,  the highest frequencies which have been aucee««hn TT-*--«-d--» 

and^layed^ back at ttgjMgjjBgg^a^^^ 

respectively,  for Ferroxcube head on metal tape, Ferroxcube head on plastic 

tape and modified Ampex head on plastic tape.    The corresponding «sro. 

considerably,  it « possible to record end play back l0k me using the 

Ferroxcube III head and plastic tape$ the corresponding wavelength was 

0.72 mils,   which is the shortest wavelength: thus far obtained at high 

tape speeds.    Curve B in Jigurej8 c^ reasonably .be extrapolated ^tö \ 

eiramStive gap; Ar the condrSons^of the tesCfor i^ iri^£ Si ^ 

==_ fe^4 Si ^Ä^il»    Becausa oj^th&^ow '-Äa-sL*--*.* —1.,-^ _    -„.^ _^T Z 

extrapolation for the other curves is very much in doubt.' "' 

Since tape speeds up to 2000 inches per second 

were available, it should fca*«» Wh CO^«M^ **, *_,,   .... _. „ _».— js.».,._WOOJ.„A, vo. .tuijrsseise "one upper fre^ 

, quency limit by increasing the tape speed above 1000 inches per se#nqV~r 

A frequency of l.| ;megacyclM.^wa:s_^cojGi^^ .h^ir-i^-«*-^-!-.- 

above the noise) at UjOO inches per second tape speed.    This corresponds 

,      to a wavelength of .92 mil, which indicates thai the effective gap was 
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increased. This increase in effective gap at high speeds is due to 

progressively poorer head-tape contact. The tape appears to bounce 

away from the head for greater and greater distances along the tape as 

the speed is increased, an observation which' confirms this was performed - 

by recording and playing back ls0 mc at progressively higher tape speeds. 

Instead, of increasing Sn. amplitude, the signal decreased inraverage . 

amplitude (meter reading)t  and the amplitude was noted on the oscilloscope 

•:*o be modulated in a periodic fashions Further increase-in sp«ed -- - - -- 

resulted in an increasingly severe amplitude modulation until-the length 

of tb,e recorded section was less than one-twentieth of th-3 total tape 

it- JI_~J -I - 

length. The mechanical positioning; of the headf and the wrap ©f the 

tape around the head were found t© be extremely critical« The above 

observations indicate a traveling wave vibration phenomenon in the tape. 

The problem of increasing the upper frequency limit appears to be primarily 

cVnIrerneäwith controlling this Vibration« —   -_   --- 

~~'r-"' fiT-'CONCLUSIONS :        -•    ;--    -__'•-_ 

~\ 1» If the practical problem of handling the magnetic medium 

^at- tape__sBeeds- of--8QQ inches per second can^be. solved recording' ^and- _—  - 

playback: of frequencies up to 1.0 me with a signal to noise ratio of 

at least 30 :db- appears quite feasible/ - 

2o usefully good contact between the tape and head, at SOD inches 

"per second can bg maintained- She problem is therefore one of^ape1 

*{/?***• -p — 

f< 

. . ... ,   ... ^^ ^supply.- storage. and;. t^e=up-i^ . ... __._..„. 

»  3 • Above 1000 inches per second very serious mechanical vibra^ 

ä\ tions destroy proper head^tape contact» These vibrations may be somewhat 

\\ ARMOUR     RESEARCH     FOUNDATION     OF     ILLINOIS     INSTITUTE     OF     TECHNOLOGY * % 

?":% R.E S TRIG TED - 3£ - .'   Report No* .oQ*7.83Ä«4? - fi 



,_ -L 

R E S T R I C'T E D 

reduced using continuous tape feed inst,^ ^> « 
pe i^ca instead of -the experimental-loop. 

1Ü    Scae for. of lubrication between head and tape is desirable 

at speeds above 500 inches Per second.,    s^n-solution h«« »» r        -- 
---i?--soj.u^j.on nas b©enu§eiti^ith' 

_. some success« : '•-- . -      _--'— zr-" ----- 

59   Heads can. be constructed with satläfänfaW fw" ""    -  -:i?'.=- " sa^-siaccory frequency charac- 
teristics at 1 mc and pr^bablv hi^r.      * u   *   * " '   V 

other low loss core material h*s...^^..-^   ..      .     ..     . . ..u .. ..." -    & «->-e"j-»-Auant advantagese 

- —     — ------- .    _ -.£„«B 5t»£ro xesss T^nan 

^75;Milis extremely difficult:at these %eeds.   .-"'-_.• ""-^"--V ""'"-• '--' 

---' 7.    She requirement that the head contact the t4p^gijres rUe 

- serious practical problems, a high resolution method in *ich this 

Q iS mt **»WM7 would be V(3ry desirable*  ~ '.    ' 

I: ' 8e    A USem aRaa^ic Pression, founded on other than 

theoretical study of magnetic recording phenomena. 

•*.   air^q-pf 5 mc^eordlng^mag^c means appears   '',".""""   : 

L"T " " "' "   -: "•""'•            ^attaäMabie at this time by other than «ni-nwr     7     < V   " 
L--L„_,. :. . ..; M     ^. ..w.    . - ...... ,   ^.-i::-^    • f ^L^^e Channel.means,- 

'£-. 
"!'-" 

3- 
f    R 
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f '» Part II . "" . - <l 

A»    RECOMMPBAtieNS 

Gn the basis of the observations ana conclusions dissusred 

earlier,  it appears that magnetic recording is liadbed by severe practica? 

difficulties to frequencies much below 5 me,   Direct attempts to Obtain 

a solution- mthin the framemörk of present and is»med3.ateäsr^seesbi^—-,-- 

developments in magnetic recording appear to off er little chance of 

j—wu—iiig «» uwwoMrf.« oüxuoAwiu    'TOW v©vtuJJ.ques ox magnetxc recording?   £t 

H J 
1 

c 

"present unkno^rmäy^evehtually solve the problem in a satisfactory manner 

^ut"±triöT^rieAt^nlx, theseliew tecHhiques i/i&li bT'e^Sicientiy^odwed• 

by a single concentrated effort.    For this reason, emphasis ms shifted 

in July TL$$Q to an investigation, of other possible recording techniques 

such as the recording by a modulated light beam upon film«    The results 

of these investigations are reported in Volume tl of this Final Engineers 

ing Reports : 

B.    CONTRIEDflKQ PEftSgffljEE 

The theoretical analyses were made by Dr« ©^, E.«_Fie.gand and 

J$?.:_ ?>_- |^G;P^e_?S.--rind the^s^erjimeEfcval.iisQrk. was- done-by Messrs s-BcE-s   - — 

Wiegarid, W, R. Ghynoweth and Q, "W. Claras»   Others contributing substan- 

^ J 
:ly tö the program were Mr.. P. Ö» Rest aridi Mr«T Raymond. E* Senner who 

•was the project eagineer during this phase of the program«, 

Respectfully submitted" 
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*>»«• '..^w »5.*».» joint are weHmipporwM, ana after the 
'reertlsa of J, 4» discs the two partc of the supporting cyl- 
inder areVjrowo-tcgcttter by the bolts shown, and the, out- 
side of the Ranges is insulated by wooden rings. Th«m 
are four Wts-of-brushes. s-1« "*!'•!"« äü** i^« BSSSüTC, 

diametrically oppoolte brushes being coupled together. 
The elect ro-inagnetic inertia in a circuit conveying 250 

h. p. Is necessarily very Jatgä. ami on tais ac »mt ü woniu 
be dan^erotmTO-ureas ihe^Wiore current suddenly. It 
would therefore be inadmissible to insert a fuse or other, 
form of cut-out into the circuit, as might be done with 
smaller machrnery, ia order to save the generator f"*w 
the effect» of an accidental short circuit or heavy leak on 

—«be line.   Any type of cut-out interrupts thri current 

1   FlOS.  1 AND 2,—SOHK POSfilBLB FoKMS'OF PHOHOOBAPIl. 

suddenly,, aui' must-therefore not be used where the self-, 
induction of the c-ruuit in at all considerable. To-over- 
ecÄCthisvViftiüüiEyTauii yi-i protect his generator effect- 
ively, .Mr, Brown in all histrammlsston plants employe 

- J»D fiütsssi .c üTZSü&unZftt *<J5 ~w liiüii - inn neid „s ,inV gen- 
erator is demagnetized oe soon as the line current exceeds, 
a certain-value. This,apparatus, which is shown in Fig. 

__?A>iS'fln[automatic.circuit.closer..the coDtaots.ßY7ofwfcinh 
are coupled to the *   roioahof the exciting circuit of-the 
ficid magnets of the generator. The main current, before 

~i£ to sent, into the line, is rauied to How through tho excit- 
ing coil, of an electro-megoet Jb*-veitb poles P if." below' 

_Tsrh.cfa  in  pivoted an armature _A.   With the   normal: 
Htrengtb of current, tlie excitation of the magnet M is 
insufficient   to  .cause    attraction    of    the  armature: 
but'» a certain strength] of current  be. exceeded,, the 
armature is lifted,  and  liberates a catch by which the 
weight 51* is ordinarily heldup.   The weight then.swings 
round onitr. arm,.and with the force of. ä* hammer jämb 

- itseic between the spring i-ontacwC C", tnut. snort circuit-, 
ing the- field coils on the generator, which has the effect' 
of at onceiou-ering.theE. M. E. tö*thesvery email amount 
due to residual magnetism- I,-, a trunoroiwiiop plant, 
w-hereian overhead line is used, care mudt '»j taken;t6Rreedot«~*rc^ !s;ury 1»-h.wHih£~»i... ^anaporting thai 

Sems r«MlÄle FO.EI* o7 FfcaBojrapfr. 

BY OBBHUN SMTH. 
There belüg nowaday» thrpu8rhqutthe"ci«ot*Hc woylrf 

machines, th<9 readers of TBK SLBCTSICAL WORLD may 
be interested In a description of two or three P^»iclc 
SitJ,^, ..f-»i.ii*'r, * nhonoirraph-which- i«n wxiiet~ccn* 
trived come yea 0 ago,, but which were laid aside atd 
noter u.-ought to couij/iTiion on account of a pre» >f 
other work. ~ 

Oue,ofthe?e methods ia rudely shown m'Figs. 1, 2 and 
8, the construction and operation being as follows: A ba 
m< uth piece and diaphragm, Sü« eprlng. zuu iüwciiWsg 
needle, as in »ie Edieon machine. B la a reel, carrying a 
tbin ribbon E of ires;'steel or o;ber aubstooco capable of 
being temporarily, softened by heat. Sfnbi libfcon la un- 
TTcucä fromS and wound-on to another r«I C, which ia 
revolved slowly.by clock-work or other means., D is a 
Giipportiog roller (or stationary bar) with a flat groove the 
widtlvof the ribbon E, and , haying;.a V-groovaJn tb«.but. 
'torn of it for the needle to descend into, as seen in Fig. 3. 
Fis a heating lamp, which, of coarse, mustbff.protectedj 
from draughts, 9tc. Alt 'this is the recording apparatus 
or transmitter. The ribbon E beieg short at the point' 
where, fvrtbeitme being.'» is hot, receives the indentations 
as easily as the tin-foil, or more so. It.cools by the tjinc it. 
getn to reel C e^d;£*t*:?** sauch, harder and ISöSö durable, 
than tin foil. T;.e osme apparatus•«'»n be used foi' the 
"' talker;" ec iü Euieon'o mocbice, but advantage may bo 
taten of having the indented .ribbonmade QI a hard oub-, 
stance by usiog a speoial>t9,"r*5g-diephrag!s^G,.Fis 8, 
which will augment *r»*> vibrations in amplitude by. meao* 
vl& lever-if.JtlM ribbon Ebeing hard'eoouoh rjnt to !o—• 
ita* form by the increased.preesuredUeto tho leverage, as 
tin-foil wojilAdOj , _             -   __ --   ---    — 

Tbe probable ndvantageo of this form of apparatus are:. 
,2. The loudne» of vg!ce. produced? by the increased ampli- 
tude of vibration, £ The sttnpP^ity and cbeapr. ess- of 
tun Äiiüle iticicDiae—requiriug^üo accuracy iu'-"regi8ter- 
ina"*devices, beyond having toe gkxrove. in roller D to 
about fit the width of ribbon E. 8. The cheap material 
of which the ribbon may bo -made.   4. Durability of rib- 

^ 

:©^ 

•Fto. 6; 

boo. (Ten with oft-repeated use.     5: 'Convenience and 

protect tbe.maclunery against lightning. Rtth'generä- 
tor*e"1** rnolor shouid beibaulated from eerth-and; is sd-' 
ditlon, some 'lightning protectors should be fitted. In 
the installation wo are describing, lightning protectors 
are fitted at each end of the .positive and negative .Hoe," 
butnotnt any tntcnnediatü'pp'nt. Theprotcctorconslsfe' 
of a nair of metal plates with serrated edges fcciiiKeaoh 
other, onesplate being connected.to the lino and-the other, 
•with nu-earthEp<<ite. That the electric transmiäsiori of" 

- energy ha»,now heroine a; most tniportäüi itxauch of^werü 
"in'Srt'itzeriak.d and other countries where water power Is 
"^ndant,;wiirb^wn:from the following Üst pf* ihftol- 

i 

&& . 

- -FtnrA» 

-tations whii'h.havefbeeppr^twä. .ok .ere in course of erec- 
tion, by 1 the Oerlikon Maffhinenfabr;!;. 

 , Hor»- pfiUtuc*' 
Name of Installation. imwv _ «i«reu , 

J. MQUer-Hs jer.Holotburii  
GMI«DO Kw»f, Piyveue, Italy  
The Wonted Vtra Mill of DercDdingeD, Hwttwr 

land -  
J. Aotnan.dt-Wepfer.'I'&nl*«»*, Ita.'y  
Troitsr Bros. &• COL, Lucerne -  
R.,4:'M. Frei.Aarau.  
J. & U. Lfgler. l)fe>t«.cb. HwltieilAnd.  
Paper Mitt«, at*yrormGb*-Aicbb*Tßr Aurtria ... 
C. F.Saiiy, Sctc^-eawerd^Switeerrana-fcom- 

biDeawiUjelectrii-'llgbtiogj  
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ribbon.record wben.wound upon spool*-lite.threwJ. This 
ribbc-n-would, if.öf Jron of oteei,.probac!y be ibout ^ inch, 
„wii.* and ,Jft-inch.thick. I 
. iC disadvantages, possibly fatal ones, would be the 
difficulty of v-vecly heatiog the metalribbon and the.prob- 
abte rasping nolaewhioh would occur in the dtapht'Ogrr, 
whepithe-fouod-waa reproduced. A modified and somo- 
whatoimplcr form of' the ab&ve prp«os might1 beem- 
ptoyed'by uslngan ordinary wii« iooic—» of the ribbon 
'Ei-.axtA allowing a chisel-shaped, needle to indent it into a 
.flattened:and somewhat •stden-.'d form, wherever \t W»B 
'struck?       *— "       --.-•- _^ 

The above" two" nstih^nls—are, of "'cpafw,- Wholly 
mecliauicaJ aa in the ordinary phonograph; The:Joliowr! 
ing,prop-wed apparatuo -ie, however, pnrely.rUct.ical, and' 
is, ä*:far.a8°=kriownito.4^ 
such conditions that ;naa been suggested. Fig.-.4 is the 
recording part of an electrical phonoeroph. -Fig. 5 lo.tbe 
talking .part of the'satur. J5»oy «£ the pieces; its 
i>, E% B. Ot etc.. can be the same- one? as are 
used iu Fig. 4. Fig. 0 ehown the same1 ideas 
applied to a telephone- line wire, so 00 to speak at 
a distance and ot the same time record what is 
said; thus making a recording: Ukjnhozs, Tho sketches 
show, only- the-essential' porter without -the capportiag,; 
fraruewortf,, etc. - 3 

la.Fig, 4 tha voice or «fher sound is deHvored/intoi-au: 
ordf5ary telephone A* Preferably, this should be a cer-' 
bo« transmitter op as to have a battery F in the circuit, 
nod thus yse,ae.strong £*.c«re?Pt as practicable. Possibly, 
however, s-Bel! telephone without a'batt«ry would ähewÖr 
tho-purpo^o. In either tssz iho current, bn faeoioto waves 
of varying leogtns and intensities correspondiuB wiih the. 
vibrations of the diaphragm in fch^ telephone, passes in its 
circuit through the hehx B. converting into a permanent 
^nwgcata.nyrpii--tfol Itardened at eel'which maybe at tne. 
time within lb« helix. Through this heli» B passes a 
cord..string, thiuad. 1 i'bbon, cbtin or wire -C, made wholly 
or partly of hardened steel, and kept In -motion by being 
wound onto thereel:£ from off the reef¥Z), E being re*J 

Voived by'h*nd, clocks-work or other means. J it a ten« 
pion spring or broke preoilay against D to keep the cord C 
taut. 

When In operation with trie bndulitory current from 
She telephone .l.pasain^'ttfföngh 4he he!l=. the cord C 
becomw. aö tr> *p*«tr, a seme of short -magnets grouped 
intoaJtemflteswelllngs and. aitanuiUoB« of nuguetisffi ' 

-—   -1 - ---   ., 

The «tail liijtto» ot th«e gwBp« deponäuponüie spceil 
or their motion, huftheir htatitx lenglln to?1*- »P?! ** 
nrlitti»ttngtlii or tne toraai oiw; ano tbeir rthtmm 
fessSS&i icpssd =p• sis Tratte szyzlituda-of «STO 

.wwn. ~iw oord C therefore contain« a pen'«* raoni 
ol Ihe sound, far more delicat» tban the indenUtion» ip 
tnetin-foUottheinecbanlcal phonograpn. Ths fiobabli- 
cräiiraetioD öf C would;fte a coltba,.»ilk or other-thread. 
faor.g whew fibres would be spun (or otherwite iaiie.ll 
hunt «ffri dust, or abort, clippings of very ane steel wite. 
hardene.1. Each piece would, of course, become i 
complete magnet. Other forms of V might be-a 
bra», lead o- other «ire or rinbon through which 
the oteei duat was mixed in. melting—being hardened 
oiterwards-in1 the ^se of hrasg or any .metal with a high 

.iseHinS'POint.   Anofier (but too exiKHiaive) form of C 

.wonld.be a chain wi .h each.link a mas "etvof, if.the.msg- 
neuaffecle^ eaeh.e5hcr.too nmt« when in coniict. eoch 
alternate linh could be of noo-roogDttlc 'material.     This, 
chain. -wouH.-not^be ~s dclicsts as""the ;duSi~ui5Koewt* 
because the effects of a given vibration might extend but 
port way elong.ß link.     Another imaginable form of (• | 
would bo simply a hard wei wire, hu.it ia-«iarc8lV poa-- 
oihietbnt it would divide itcelf up properly into a number 
of abort magnets.   The magnetic influence would' proh- 
ably be distributed along the wire in a mosf'totally de- ' 
braved way, with nooal;pdiute just obere -they -were not 
wanted. If it could be mad« in w_--r !» would, obviously , 
be the ßi".pi«* **•'-=; ;ö*"*»»Keötod.- 

.Tliecoiton thread öbovo mentioned would Mem eo.bt- 
preferable to anything el..9 on accouot of it» cheapdess, 
lightness and' flexibility. The Lord» Prayer could be 
written uHon s'few feet of thread or otring; while a youog 

(lady receiving a small spool of cotton from-ber lover 
would think herself abominably neglected if it wa. not 
;" warranted at"0 yurds iong." 

In Fig. 6 the arrangement in precisely the nam» 39.in 
Fig. i, eicept that the circuit u maao through the tele- 
graph wire W and the receiving telephone H in Boston 
or some other dUtant place. Of-course.the- record mlgn, 
'.lie made at.the receiving instead of;tlie tra:«miflng end 
of theline, and thus.our hypothetical young lady might, 
while listening to the inlpsssionedpleadinge of her chosen. 
young mdn. be pteparng the evidence for a future bresch- 
of-promlee suit. 

, Tomoke.the thread.or cord •C'talk back'-it ie, after 
having been.nwound' ou to reel Dagnin drawn thronch 
n helix B„Fp;..«;;ln whose circidt is the " talVing" lele- 
phone A, probbbly a.Bsllireceiver. Of.cuuree iiisaraw.« 
through at opproHlmttelytho-some speed ra Wore, In. 
passing, the small permanent, maznets in the 'oni-i.'.ln-, 
dücecüritats öf.,s!ectric:ty i» thtir enveloping Beit 
ansloffous tc the currents-in the fiel J of-a mogneto-eiectric 
'macblESi or (a -dynamo with pennaheut magnets ;in;Us 

."*. 

";ii 

,'  s 

" .   Eta. 5.,' 

armatürö. A more exact anslogy would, however be the 
curreDts is the Irclli o." . solenoid If Its ordiunry action 
were reversed, .and'its-core-, made -a .permanent.msgnet. 
These waveä of current will .correspond inlength and reia. 
tive intensity with the original1 wave currents, and will 
therefore reproduce the vibrations of the original sound 
in the diaphragm of the telephone at. any-time in too fu- 
ture. If -such induced current, ore not strong enough to 
produce dufflciently loud sounds it may ba po»lble to in- 
sert at-.3T, 'Fig 5. some ietenaifying :appsn£tus. such as^a 
battery, but which has not yet been thought out. 

Like the two mechanic»! method» flrjt mentioned, this 
electrics! method luu never been worked out to com- 
pleiioo- The writer went far esouah with it-tc:bui!da 
iespbrary apparatus and to develop ä successful macb4.e 
for spuming TnetaUic dait into » cvtton cord, but wa» "T 

.Ä 
5T3-: 

^&&jaL^-xw??:*e*?>* "-r^v* W**-*<»"«-"-1    ' 

Mjiä^iäÄii^lesikaisäisstfStS3&SlZ'^ sLi' SäS* a ^ffrust. _- - .. r--TStsaaa6a„-. 



TKFE—EEECTRICäL   WORLt). 117 

• i i 

;! i 
r 

r! 

obliged tftj»y* aaide *he*£hsh< «:..-• lief»» srriviäjf-at 
IIIV mwtotic results. His experiment« snowed that it 
.\ a* difficult, with ordinary tool», to harden steel «ling« 
• .II account of excessive oxidation. Experiment* with 
: .irJcnpd »*w* H'li?,-broken jrl a »t^uai mac!line into 
\er?suorvpieces, »howed that they must not be too short 
—aynot less than three or four times their diameter—or 

ihey could not h.» ^ttuiated with magoetiam to aoy nj>- 
rr.niil'Ie decree. Possibly Chi* is because the .pc!«s i«r 
iH.in'.s of maximum polar;;» ror a raagnpl lie at some 
-li«tnnr<tTroir» ;r„ md-, of the bar. nnd conseuuenUy'iieu- 
n.ilize iMi-h other when  'he bar i*. too slurs. _If xti- 
ijiiryis rurrtvt it would prevent making magnets of 

-ti • I dust, the grj»J»*.e. of whiiii are supposed to l>e about 
i-'lirnpd ns.theVarc Song. 

riidigresauliule. :l niny be remarked tlutt tuch-a theory 
do,'*, not t-eem to agree with llicrfaetof-aningdriiiriKiiBriiy' 
HI approximately spherical or cubical bodies, iiky the 

"••irtii. or «chunk of loadstone. l'o»sihlyf however, they. 
-u.iulil In» much 'Stronger magnet-; if elongated: and the 

ii'iv- piecra cf- wire nlxwe referred to, may jiossess «s rouc.i 
-irmgth in .prvinrtion^thqiighdt Jl» sr*roeiy-|*erc"<'ptihle 
.iiracfSiinl-iif-tlieir smalli ess. 

The writer confesses to agood deal of ignorance upon 
i lie subject; hiit he wn* somewhat-surprised to find an 
• •{iiat amount in several well known electricians whom he 
< intuited: and also to find that none of the books he bad 
,it h-mdiffAVi» nny definite ;!,;tr. regardiu^ *hs best prnpor*J 

i'otm for-j»erai«nont magnets or their actual strength 
.when natur.i.^1) in pulling .power. Surely, 'there is in 
ihi-. department of ele.-^ricd science n sodd sized:(mag- 
net itI'lleldsfor anupiberof lluesuf force—ineutalones— 
in work in. in the wny-nf carefuhoKperi men ting. . 

To,return to ourmngöetizedcord_asa"plfonÖKräJii,'' it is 
-f^M'Ji'e^iir.tia« in«i- -Hraoietiujection to ifwouiii be found 

in the great diameter and lengt.li which would be required 
^;Ty^!^>^!^;mi£^i^^f"suninent~Titrengur und <umntUy. 

Tbi». however, can be determined by experiment only. 
or course if this cord npproaehej.a clothesline rather' 

i than apiece of sewimiflilk.m its g-ineraLpropprtipiisdt: 
wi>u[-.lJbp-ullerly useless;))? apractical recording medium. 
ICegardioK the general convenience of-a record; in. a .cord or, 
rilrixm-like form compared w _.b one indented upon ft 
evlmiter or a1 Hates reu hir tablet, thereyare probably/udvan- 
tages °n both side* 'One disadvantage of Ihn rorcMa'tliat: 

if soi ne Ri)iallT}iörlioo of, the records ear1 the middle haR'to 
lie repeated'there'in ä goodideal<of AinwindipgtO"dp;to..ge,t 
•iMf The name objection, if it lie one.-nppliej to > the tir^t- 
•iii>ntii>iipil nsetbods.-ns well as the magnetic cord. Im 
practice, iho-rever, »t might prove that this-unwinding,, 
was a small matter, if -a' rapidly-working au'omattc 
winder-were used. 

Another .general* principle which may perhaps I», 
adopted fora.'phonogreph'fa'that of varinbtr comtmiifitif. 
Possibly avcr-l or-ribbon may lw made of a .poor.con- 
'•iciorJtpeihaps ä hesiHe_ substance* impregnated with' 

- r;trlton)t(nnd may tnen-be'inadelbettt^and wprsejp per tain; 
jjlmtfl'by the nctioh-of the "tiananMtting" iuf.trünient,; 
either by-making spots of the cord denser orthinner.dr. 
-nine way. at the-inwanhairoko of the diaphragm. This 
in .»riling action w. mid-probably dM~entirelyfnechanieai.. 
I lie-reproducing,, nh-thr contrary, would ibe wholly, elee-1 

meal.-and would ronsLstföf passing a current through**' 
• undui'torwhitdi ws8'broUenbyuHpaoefilletl;by theci'oas- 
•Ji-tiondfithe «ioving rerord. This current-wouId-paas 
il.r<iugh a receiving leiephone and would, obviouily, be 
thrown into the proper undulations of atrength.by the; 
*n ryihg conductivity of <the cord; aa it.paased along by the 
ii'itinnof its!,reel«. 

"i'he writer ha. notworkerl p'it -the'details; of this lutter. 
••; ln'riie as eompUdely. F>S in the others, mentioned—even 
eo-itiitapj-j- Ht Jias.not the time.,to say notfiing'Ofa 

*_"_"; * i-s-ly- eijüijij»ed Üibornlurj. x\\ cgrry=ihp ideas auggCit«' 
.(iitlieir logical, conclusion i of, Micces« or failure,.and, thure- 
fon.^iiink«?- tji^m, puhlit-. hopjng:that aomeiof thQ numer- 
tiu-* experimenter-enow working iosthis Held -may-find' in; 
ilieiii a germ of'good from which something useful may 
'.-.hip-. ;Shpuldtthih I« the case, he-will doiihilwsget.due 
. reitit for •hi* share in the matter: but if, on the other 
hand..theft" suggeAtipns prove wort!ilew. .they will still 
have, serv.il-a jmrpjose.. on the -principle-1hst »'demon-! 
-trution öf what rini't'be dope is often a pertmest hint as 

IM wliBtcti»be. 

TUE ELlilVKie Uwfitr'Cff9T'SNTiiN. |fliursuay night, forexanple. the Krnimg Pi\<J pafalishitl 

"^—: ,       two füll colufcns, ibi C.r-Exsciitt Mmtimr hari^u'lunm 
The paeea immediately following thia will-be found t»»     .   .  ,,        „   .,   , ...   ,r •,     , *.• „.... s J B anila'inlf excellentlvdone:and,the lfii*/«tu<(i^v«vw*up* 

-contain a very-fuH;andcomplete reDorrof the Convention      -       . ~  " y .     '       _               „r.„„ 
i i-T  -i -      J    - r   — . —   - plet!K*ntfid a column of *M>JJ rrjwri wrin anot!:>.'~ cutunss 

•?ctric Light AsüöciaMöß' j•t clöied in    ,   , .    ,„       ..      ,-»   . , 
of elegant and philosophic editoriah 

this city.   We believe that the promptitude with which 
The V* Vork 

Graphic made first-class portrait** ofjhe officer*, and the 
the report is issued, and the care taken in its preparation. V^.   ..,--'...„ .,      .     .,   u ,M , 

...    .      ~    .    ..  _-,.__. "or/dnlsrt pome out with Its uent thuiiihnail «ketches oi 

prominent rtpeabers,   iihiU  the  .Sun,   llrrultl.   Tribun* 

»••"•!» s'nü'Mi-an uiiuii'illy largv 

will be generally appreciated, the more especially 1 

when !.t is borne in mind that tturing the session 

we 'have issued no fewer than four ••pdlilor*-'jr our j 

bulletin, now MI familiar toallfrequenttrsof these meet- 

ings. Asto the paper itself, we may ".point with piide" 

to its size, not less than to its contents. It i« (our page-» 

latger than any previous isaiie. At .the August (.'oaf.cn- 

Hoh fast year we printed a' paper of ÖU page's. For the 

convention in February at Pittsburgh we printeil=ft4 pages. 

Our numt>er this week contains no fewer than^t-i pages. 

We -may point out too. that while thc;|*a*>er is so large, it 

lis-notlate; .Out on tho.contrarj.w actually 'issued eight 

days ah.ad of dati>.,and-one day after the close of the 

Convention. Thw-Nperial effort has necesHitat«Hl a little 

departure, it.will'be oliserved. from' our usual method oi 

making up-the.pä)>er. 

The growth of the electric light and;power industry 

w:s admirably brought out by President Duncan in !iis 

'brief Vut pitby opening address. The figures' have. 

are glad to-see, arrea ted -general' attention, »«•1 the <Mrect i 

outcome of til»1 .publicity thus given to the,*» facts will 

brnucM-.iupiuem.oi new work. ~ 

Tittfs and^ithPiN t 

amputit of iHlitoriiil'nntiiv and rvpurtorial care. If wo 

may venture hi do it, we would heartily congratulate our 

brethren of the daily .press on their good work. They 

! have certainly done the Association good, and we_think 

Ithat hereafter the electrical questioiiN t'",,'|,.>me-upwili 

receive better treatment at their hands t ha» lia-wiir-i'tinies 

been the case1 hitherto. 

It is natural that the electric jtower ipusttUMi. iPif'JtM'igU., . 

cupyVpart uf"the'tiiue of;the A^H'iatitin. and the 'hoiirde* 

voted tö Mr. LufKin'n aMt- ,p.iper »as «ell-t*|ifnt. Ti Aili 

he notieedthat the pnjier N a» able effort to determine 

the averse** running of motors in tin' iliffereiit eln»f*s of 

employment ..so ris t*> imni .J-iia 'g<*hi ^b\',xx to dciiocc th>- 

,right schedule of charges. This it a highly important 

,part of the motor iju'estioii; and alferta very closely the 

•prosperity of'the huiine't. H wi'l'tw-scen-nl-Hi'tlint Mr. 

i.uf kin dwelt it|tou the interesting question ofsiiiallnintnrii 

versus-largofinofir«. Tliirre* is-pvidently something to»be 

aaidu-niiHith aiilft*. und it is ük'-'y- that the'müiter -will' 

longJwone provocative of differences uf npinion tnmntor 

The Kdi-d'yi Patent» 'in England:—A ct-tice has been 
Ivjual by toe Edfhonjnd jjjr'an Uoiteil Elect nc-Ligbtfom-Aniu». 
•t Ijiifiioo, to tbeCeffef^tt"*- U« •*»•_•» deciwpp iuvoininiing *Hr. 
P-liMin's |iai*nt biiheen appealed'froin, und tbst tb««ppesl will 
i>riifiablv Lv.'bi-ani before C-rülmat. 

Hepor(Cn<[ fiSlKtrteal', Kieco I Ion«.—Kinridge T. Oerry 
•.iv* tb&tM'b» New York newspaper» will hsve no account« of the 
lir>t executiou of .ft ertmitiai by tfeetrifity io tbisState. Tboueb 
Mr.Cerry: is an iutbority on this .Milfjwrii the xuaagiag editor* 
"rSew-Yorkridiciile Mi'Statement in question, a» well a« hi* 
(lirt-nt that any räitor who, contrkrjr tu tbe^htatutM, publishi« 
•uvll'u account, will .b* lmiiri«oowl-for • ro.««tcm*Aiv*r Too 
nlitors agree with ('bester K.'Lonl.,of the Sim„tbat considcfable 
iniprisortbient would-be ntceKsery' tc .break up tbeir habit of 
••rioting.the news. Jullu* Cbambers, of tbo //cro/rf, nay» tbat • 
pptr which bad t*nt to the Pplir »e«'for -paw* wouldn't nilnd 
tlw trivial dacRor oi imprbnaiMot. Arictber- editor t»id:' 
"Tliers would be mtrugnle for the distinction • of Mch en im* 

•i^rinopiTtJnt.'* -'—~  

"i'lxitaifs;*««-leading qut'Stioo-beröre'the-Convention was1 

tbatpfoverheadiahd uodergrou»'! wires._ Mayor Hewitt 

*w«ri not sdoTV in^ winning the applause of the meeting 

rwlth^hfs address of; welcome; ini which he vindicated 

•his tins of jiolicy as to-the-overhead wires, and it .oust 

:be-Baid that n better address in forul and. matter than 

the Mayor's has not been made before the 'body.1 

At the same time, what we may call the pro- 

gressive element had its inning in *Vdc pipers 

-presented by Dr. S. S. Wheeler and Mr. "Cheno- 

weth. The;paper of Dr. Whe»!er will' lie fouosJ worthy 

of htudy. based aa it istitf jn apintelligent-Comprehenf.ion, 

of. the »subject.as a whole ami a full »nuwirdge orlhe 

work being done-it) this i ity. Supplement.ng all1 this'is 

!theescellent,paper by Mr., Acheson on .disruptive diu- 

> charges incabies. nnd''tbe various disr-ns-dnns. Any »nc 

iwho rfätls'tliHt'.partof-thereport willccrtain'vibe.nbreast. 

•ofithe latwl-informntion-of-the day-on the uhdergrouad' 

.wire problem. 

Wediave n doubt-that"when Mr. <Leonard:mufa of thej 

co^iial reception givenito his .unpreteuHoiiS but'valuable 

little-paper detailing -hin-experience in- Minnen pol is-with, 

petroleum.fuel he'-wilMie'somewnat surprised. ,I,ike^sonii' 

other members, he appearslto^be afraid of boring.the t'on-' 

vention. but'the'fRccistthat such papers, with their 'facts 

ond-deiails OD vital questions of management, arethe'best 

ithat can^be brought before the Association, which doe«' 

-not meet.to discuss-eciendfic theories, but'toarriv-e-at all; 

the facts that concern the-practical operation of dight and' 

.ysye'r-plnn»,    ^__~   - j"yrz_— -•'-. -..   .        _   .".     ; 

While we'do not.cupsider the choice o? the-Hotel'Bruns- 

ick ae the meeting place-to havebeea at alj-a happy- 

one, UJsithe opiniomof all.that'the-coining to New'York' 

.has been a, goal thing, and' that the* Convention, has-been- 

one ofcthe best, acdithornugbly. enjoyable. N'ewYork'is.the 

capital of the.country intevery..senacofJthe-word. and^wilj 

remain-so.-ana itus-slso n-convementpoint of "rendezvous, 

icr^all who ure inleicsted-ih electrical unatter». Äloreover.1 

It*was three /cars sines the A»«is;iiiiTon visited the city, 

äud^h'e.time was fit ting1 to make anew ioiore-wion-on the- 

metropolHan'consciousness. The reputation of our city 

for.hospiiaiuy, also.Jias.been well- maintained; and' not'a" 

oelegate cen ,go home without feeling, that everything 

possible was.done to render.hia.sojoum here plfasant and 

profitable. 

The vnriouBpreiiiJ'r.tioü-' iusdc::urtiig.thi.-l-'«invt*utioii 

were, after all.'but a-si nail'recognition'of eervices'.reiiilercil _ 

the-Association. tThe Association. a>» it r*tands to-dny, is 

largely-Mr. Mürr.^ü's handiwork, nniliit is unly,apprupriutt* 

that'bls senhandthewise ube made by hinirof hi.-* uierked 

executive ability olioald be rtWfliiled ibxiUiuiitini shape. 

Thetsntimon.nl hi the "Weaiinghoiwc Fh-ctric eompany. 

waajiut less-graceruliand- fitting. Thc,i-nmp;tn\ s-1 literal. 

contribution to thefuhds of the As-soeihtion enPJdediit-to 

catch up'in>the)piibIication nf-its-priictMiTinu-i, and to.pre- 

.sent adii-althy balance sheet. 

It-wasa.good' idea to secureaiphotograpluof thedelc- 

gttteii''before teaming, with the Electric l.'liih us,» back- 

gr*?ij«d. An'interestiug-mi'tnento is thn,*_"lilainL,d>of a 

p:ea"aiit>g.uiienng nndtnf tin- • hiMpjt.ility thai found its 

centreat'tlie «'luh House. 

~^!n„sp2akins,above -- tl)e imp*;ess;ch 'made by.tne Con-' 

.vesth.s c- the rr.circpG.ils:: csnsrioü^cps, nr<Vmvtt,teiet-< 

ende niore-pa/ticulurly to.tbe Jianner in which the press, 

has dealrwiththe proceedingfi. 'Having attended all the 

conventions; we make '*?U tocay-that never be/ore have •.he;) -- ^if »--tput, 
SI iSmce Hi- ""' 
in1 - 

Allegheny Citj, Pa. -Specifications havplwH-ii iipproviil^liy 
itbe.si'iji.rofnniittee oingäs'for -tr» electrfr-light ti_) er> «ith H-*.o U 
light*on each; KYMIIKIP |»ile IiKLttfli'il  l.."i(K) iminiili-ii'iits'fur 

BntHh -4 'orbotm —The Bnün nierim-  <'uiiiimiiy„t,l»VfIainl. 
()., rviiortlliat tlieirr curlmii'liiMnrvi'l- larger III-HI-I-I.IT Ict"^". 
iTbeyfluveshi'iiptil'withintliL"Iii>t'month •>• two,i-i^ltt-oi-teii wlid'-" 

ar<loa<:s nf-r-iiiwinvto .Iim*r>öt,|.i»ftiuiis uf'l lv •••»•iitr.*>. 

BpfTolo, X. Y-— Tlie!'nHb Flix'trie I.ijiht ('*>tii|>aiiy of Huf- 
ffolo. N. V.,.are inerenMiittlieir t'h'clric-linlit plant. Tliiyibme 
ret*nty nrlrrcd fniiii the parentcnnijinnystwo (t-Vlighf -••i.tkni c. 
p..ilyifamos wlthibnu|K. Thin cointiniiy'i-iil/i» liw-niii-r. •ftiiiüii- 
iDK'the.ab'ive iiyijaiinr.1.l',:!00 ar<"luiii]K uml,aJari:< nutulfr iw 
incarjeJescence. 

The JS/ttPhODhoiifi'tn th« 'W*.«*_-I--i .—....^-—-.r \*>.-^nr' . 
iik"?~li^H»iiiilJiiiiizK._\Virk!i1 of Kan-s't'il,)*; ättb.'if"hiad, ' 
hrjfj &.-cured a1 contract: w it ti tlii'syiidmito ••*nitri>lliii(;-tr:i,> DIIMHI- 

iJellkgrsphophoae for nil ri^htN-»ithriiJtMt-_ii'iiitiir,v.Mi»f ndtl»' 
Missffäippi at«! «oat of ihf 'Ituclty-^liuiiiains. (Iftlci >* nn* to 1»P 

i^tablubeilr&nd.tlie iMmmfnts uitt* .Iiiitil inioillu- it-a imj: rjtifK 
of that diBtrictl.y Oet '1. 

'KiccttlcityTor-Writeri.* rarolywlu.- .In urn »f the.broait 
uindiiws nt.tiie.reconhMKdcfif'.rtnittit oßtl.' ulllivnf Jarci-r. INni'l; 
clerk "f the «uperjii. tiiu-1, i, a -in.{ ' *?':*• trie Liltfry. It-K iw«*l 
bv'tbe recorder» for.tbe'ielilf of tli. cramp'-f- tlie niUM^Ie^ofJIir- 
haDil'vifaii'b fullnws hni^ i-on'miiril iml stoa<h IIM* <>f tbt'.pen. 
The.relief is in-jUntaiiirnii*, nndtiv* rh-rkt* «Im fotuifily -wer»* 
eomp"')lrd'at time*»t«*stnp •.vorV f.i, nii-lril •Iny^dn.arr'Tunl.or 
:>>Ht*lliui:anil coptrtfi if'*" "f »*"• RIIIU-IK* *<f thu hn<i't ik,w t^>S-« 
few-geiitlb'•blickt,of'tbe »I«trie cmrvijt -ui.tl.i-*-hghti't-t'a| ptoach 
of-^tiff-ieM. They returu-to-work nt mnv. i-ntiirly-ri-liewil. nnil 
VfiRTiuue witiuniE iDcfiuieiin-mv. Nenrly-r^'-rv um- (i/ Ihn -Hiire 
«if'clefk» nstuves U'tii-flt from itlii>,eleeirn iiirn-iit. nm|Jhi> lat- 
teryis regarded as du laeli-is'ii»»!.!« flxtme of the i.n7-i — IMh- 
mure Sun, 

Itell Telephone Output.— The. nn>lrtmie!it.H-riiuiit. -Iu>«s 
sains in the outjmt am! a rwluciii.i in^the .m»tnimi-iil>> rcturnwl. 
KurMVHu month*, there uns an liuTwtMifi'l.üiM in iii*lrunieiit-i 
'b'eid fayliei-iiof*    The incnini- gaui-.'f»»ter tbftii.thi'.oiitimU'ifiiii- 

IflliiT I^AHfUlkfi lM-IoH' . »wiiiiieiiu-. til 
Hnhth t'n-Ai»!. 
Un rut output... 
Retüröttl  

»). 

flrorH-otitfjUt. - 
-Returowl  

reports as a whole been so full, io fair and so accurate: 

fact, it Is hard to.pick out the best., where älrh'ave.'becn 

so good. The evening papers have greatly ((ratified the r.dl-1 . >*tqutuut. 

cer»' andmembeM by theexcellenco of *Uv»i:r reports.   Q/xll •liei'i.ai*. 
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